Sulfonium salt activation in oligosaccharide synthesis by Litjens, Remy E.J.N.




de graad van Doctor aan de Universiteit Leiden,
op gezag van Rector Magnificus Dr. D. D. Breimer,
hoogleraar in de faculteit der Wiskunde
en Natuurwetenschappen en die der Geneeskunde,
volgens besluit van het College voor Promoties
te verdedigen op dinsdag 31 mei 2005
klokke 16.15 uur
door
Remy Elisabeth Josef Nicolaas Litjens
geboren te Weert in 1974
Samenstelling Promotiecommissie
Promotores : Prof. dr. G. A. van der Marel
Prof. dr. H. S. Overkleeft
Referent : Prof. dr. G. -J. Boons (University of Georgia)
Overige leden : Dr. G. Lodder
Prof. dr. P. H. Seeberger (ETH, Zürich)
Prof. dr. J. Lugtenburg
Prof. dr. J. Brouwer
De totstandkoming van dit proefschrift werd mede mogelijk gemaakt door de J.E.
Jurriaanse Stichting en de Nederlandse Organisatie voor Wetenschappelijk
Onderzoek
“Die organische Chemie kann einen jetzt ganz toll machen.
Sie kommt mir wie ein Urwald der Tropenländer vor, voll der
merkwürdigsten Dinge. Ein ungeheures Dickicht, ohne
Ausgang und Ende, in das man sich nicht hineinwagen mag.”
Friedrich Wöhler an Jakob Berzelius, 28. Januar 1835.
In memoriam Prof. dr. J. H. van Boom
Table of Contents
List of Abbreviations 6
Chapter 1 General Introduction 9
Chapter 2 A Novel Route Towards the Stereoselective Synthesis of 33
2-Azido-2-Deoxy--D-Mannosides
Chapter 3 Sulfonium Triflate Mediated Glycosidations of 45
Aryl 2-azido-2-deoxy-1-thio-D-mannosides
Chapter 4 An Expedient Synthesis of the Repeating Unit of the Acidic 59
Polysaccharide of the Bacteriolytic Complex of Lysoamidase
Chapter 5 Synthesis of an -Gal epitope Gal-(1,3)-Gal-(1,4)-GlcNAc - 
Lipid Conjugate 77
Chapter 6 Generic Synthesis of Phenylethanoid Oligosaccharide Backbones 93
Summary and Future Prospects 111
Samenvatting 117
Table of Contents























Cq quarternary carbon atom

























HRMS high resolution mass spectrometry
Hz Hertz
i iso













NGP neighbouring group participation
NIS N-iodosuccinimide







































Oligosaccharides and glycoconjugates play important roles in a wide variety of
processes in nature. The elucidation of the mechanisms of these processes at a
molecular level can be facilitated by the availability of the involved sugar constructs.
However, isolation of these molecules from natural sources can be complicated since
the total amount of material present in biological samples is often limited and must be
separated from chemically and structurally similar yet different compounds.
Therefore, the acquisition of oligosaccharides and glycoconjugates in a pure form and
in sufficient amounts relies predominantly on advances in synthetic organic
chemistry. Present state of the art oligosaccharide and glycoconjugate synthesis
indicates that the diversity and complexity in the molecular architecture of this class
of biomolecules offers various appealing synthetic challenges.
In this chapter, a concise introduction to some basic principles of
oligosaccharide synthesis is presented, followed by an overview of cyclic diol
protecting groups and the influence these groups may exert on the outcome of




1.1 Chemical Oligosaccharide Synthesis: A Focus on
Protecting Groups
1.1.1 Mechanism of Chemical Glycosylation
The development of synthetic procedures for the stereoselective introduction
of glycosidic linkages is a pivotal goal in carbohydrate chemistry. Since Koenigs and
Knorr described the first stereoselective glycosylation reaction,[1] numerous accounts
of the synthesis of glycosidic linkages have been reported.[2] The efficient chemical
construction of a glycosidic bond by organic synthesis entails the regio- and
stereoselective condensation of two polyfunctional reaction partners ideally affording
a single product. A typical glycosylation reaction‡ (Scheme 1) starts with the
activation of the anomeric substituent (leaving group, L) of a glycosyl donor by an
appropriate promoter/activator (A-C). The bond between the anomeric carbon atom
and L is partly or even completely broken, affording an electrophilic glycosyl species
which undergoes SN2- or SN1-type nucleophilic attack by the hydroxy group of an
acceptor (ROH) to form the glycosidic bond.[3]
Scheme 1: General mechanism of glycosylation.
The outcome of a glycosylation reaction in terms of yield and stereochemistry
is difficult to predict because of its dependence on correlating factors such as the
potency of the anomeric leaving group, the activator/promoter system, the reaction
solvent, the temperature, and the identity of both the donor and acceptor. Apart from
these factors the protecting groups of both reaction partners play a crucial role.
‡In carbohydrate chemistry, an acceptor molecule is said to be glycosylated with a carbohydrate-based






















1.1.2 Influence of Protecting Groups in Oligosaccharide Synthesis
1.1.2.1 Introduction
Originally devised to ensure regioselectivity, protecting groups[4] on the
reaction partners also exhibit a major influence on the efficiency and stereoselectivity
of glycosylation events. This is best illustrated by the stereoselective introduction of
1,2-trans glycosides by neighbouring group participation (NGP) of 2-acyl protecting
groups (Scheme 2).
Scheme 2: Neighbouring group assisted glycosylation.
After activation of glycosyl donor 6, the intermediate anomeric electrophile is
intramolecularly trapped by a C-2 carbonyl function to give cyclic acyloxonium ion 7.
This ion can only undergo an SN2-type attack, leading to trans glycoside 8.[5] Apart
from 2-O and 2-N acyl groups, remote acyl groups occasionally direct the
stereochemistry of a glycosylation reaction. For example, the -selectivity observed
in the coupling of 4-O-acyl galactopyranoside donors can be partially attributed to the
influence of the acyl moiety (Scheme 3).[6]
Scheme 3: Remote neighbouring group participation.
Upon activation of thiodonor 9 with N-iodosuccinimide (NIS)/trimethylsilyl












































center is stabilized by the axially oriented acyl function,[6b] thereby shielding the -
face from glycosidation and providing stereoselective access to the axial anomer 11.
An effective tool such as the 2-O-acyl group for the stereoselective formation
of 1,2-trans bonds is lacking for the introduction of 1,2-cis linkages. Evidently, the
synthesis of 1,2-cis-bonds demands the use of a glycosyl donor equipped with a non-
participating C-2 function (e.g. benzyloxy or azide). Activation of a properly
protected donor with an equatorial C-2 substituent as in glucose results in a glycosyl
species which may undergo attack by the acceptor alcohol from both the axial and
equatorial side. Attack from the axial side is said to be promoted by the anomeric
effect, which can be qualified as the thermodynamic preference of an electronegative
substituent on the anomeric carbon atom to adopt an axial orientation. The
phenomenon has been rationalised as deriving from nO → σ*CO hyperconjugative
delocalisation, resulting in a lower energy for the axially substituted product as
compared to an equatorial one.[7-9] Despite the favourable influence of the anomeric
effect on the formation of 1,2-cis linkages in the gluco-series (equatorial C-2
substituent), the degree of selectivity as obtained for the introduction of trans-
glycosides is seldom attained. The construction of cis-linkages with donors bearing an
axial C-2 substituent, as in -D-mannosides and -L-rhamnosides, is even more
daunting for the following reasons. First, equatorial attack of the acceptor molecule
suffers from unfavourable steric interactions with the axial C-2 substituent. Second,
cis-product formation does not benefit from stabilisation by the anomeric effect.
Third, there is an additional -favouring interaction, the so-called ∆2 effect (Figure
1).[10,11]
Figure 1: The ∆2 Effect: in A, the three oxygen atoms are in close proximity resulting
in conformational instability. B lacks this stereo-electronic repulsion and is therefore
more stable.
The challenge to construct 1,2-cis bonds in the manno-series (axial C-2
substituent) has resulted in the development of several methodologies, including
insoluble silver salt promoted SN2 displacements of -mannosyl bromides and
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sulfonates.[16] More indirect methods are based on manipulation at C-2 (direct gluco
→ manno inversion[17-19] or oxidation → reduction[20-23]) or tethering of the aglycon to
the glycosyl donor prior to the actual coupling.[24-30]
Protecting groups, applied to mask the functional groups in donor glycosides
influence not only the stereochemistry but also the reactivity of both the donor and
acceptor in a glycosylation reaction. Protecting groups exert an important effect on
the reactivity of the anomeric leaving group in a donor. The observation that an n-
pentenyl glycoside bearing a C-2 benzyloxy substituent was hydrolysed much faster
than its C-2 acyloxy counterpart led Fraser-Reid and coworkers to state that ‘the
pentenyl group could be “armed” or “disarmed” by the type of protecting group
placed on the C-2 oxygen’.[31] As a variety of glycosyl donors complies with the
‘armed-disarmed’ phenomenon, it has become a basic rule in carbohydrate chemistry
that a glycosyl donor bearing a relatively strong electron withdrawing C-2
functionality such as an acyloxy group is less reactive than its C-2 alkyloxy or
silyloxy counterpart. This is further solidified by the Ley and Wong laboratories and
their work on the computational determination of the relative reactivity values
(RRV’s) of thioglycosides in which the deactivating ability of a set of C-2
substituents on the reactivity of an otherwise unaltered thiogalactoside was quantified
as -N3 > -O(ClAc) > -NPhth > -OBz > -OBn.[32] The ‘armed-disarmed’ concept is
often elegantly exploited in chemoselective glycosylation strategies.[33]
Although the influence of protecting groups on the reactivity of glycosyl
acceptors in terms of electronic effects has been studied to a lesser extent,[34,35] it is
commonly accepted that benzylated acceptors are more reactive than the
corresponding acylated acceptors.[36] As the bulk of both the glycosyl donor and
acceptor is represented by protecting groups added to the original saccharide core,
steric hindrance due to the sheer size of the protecting groups around the donor and
acceptor reaction sites is an important factor in terms of yield and stereoselectivity. In
this respect, it is of interest that Spijker and Van Boeckel established the occurrence
of double stereodifferentiation in the transition state of glycosylation reactions.[37]
Condensation of D-fucosyl bromide 12 with D-glucosamine derivative 13
predominantly afforded the unexpected -linked product, thereby overruling
intramolecular anchimeric assistance of the 2-O-benzoate (Scheme 4).























In contrast, coupling of the mirror image L-fucosyl bromide donor 14 with the same
acceptor afforded predominantly the -product. These opposing outcomes in
stereoselectivity can be explained by a steric hindrance in the transition state that
leads to mismatched (12+13) and matched (14+13) donor/acceptor pairs.
1.1.2.2 Cyclic Protecting Groups in Oligosaccharide Synthesis
Besides ethers (benzyl, allyl), esters (acetyl, benzoyl) and silyl ethers
(TBDMS, TBDPS) to mask hydroxyl groups, diol protecting groups have found
widespread application in oligosaccharide synhesis. The arsenal of diol protecting
groups includes the cyclic carbonate, various acetals such as the benzylidene,
anisylidene and isopropylidene acetal, Ley’s diacetals and the more recently
developed cyclic silyl ethers and oxazolidinones. Apart from their advantageous
properties for regiospecific protection, they are also recognised for their ability to
induce stereoselectivity in glycosylation reactions. The tendency of glycosyl donors
equipped with such groups to influence the formation of either the axially or
equatorially oriented glycosidic bond can be rationalised by Fraser-Reid’s observation
that cyclic acetals affect the reactivity of glycosyl donors by exercising a torsional
effect on the formation of the planar oxacarbenium ion.[38,39]
Scheme 5: Torsional effects in donor activation.
Depending on the locus of the ring-protected diol in the pyranose ring, this effect can
either facilitate or oppose rehybridisation of the anomeric carbon atom upon
activation of 16 thereby encouraging either formation of the -selective
oxacarbenium ion‡ (15, Scheme 5) which leads to the thermodynamically preferred
axially substituted product, or to formation of a reactive species (17) which can
undergo SN2-type reactions. In the following sections, the influence of diol protecting
groups on the reactivity of glycosyl donors and the stereoselectivity of glycosylation
reactions will be discussed and some illustrative examples given.
‡Due to the anomeric effect, glycosidation of cation 15 will afford mainly the -oriented (axial)


















1.1.2.2.1 Cyclic Carbonates and Oxazolidinones
Gorin and Perlin applied 2,3-O-carbonates in the synthesis of -mannosides
from -mannosyl bromides with the aid of heterogeneous catalysis.[40] In a similar
approach, Kochetkov and coworkers showed that 2,3-O-carbonyl protected -L-
rhamnosyl bromides can be -selectively glycosidated with various acceptors (e.g.
18→19).[41] In contrast, Crich et al. found that the 1-benzenesulfinyl piperidine
(BSP)/trifluoromethanesulfonic anhydride (Tf2O) mediated glycosidation of similarly
protected phenyl -D-thiomannopyranosides[42] and -L-thiorhamnopyranosides[43] at
low temperature gave stereoselective entry to axially coupled disaccharides (e.g.
20→21). The contrasting stereochemical outcome in the couplings of 2,3-O-carbonyl
rhamnosyl bromides and thiorhamnosides can be explained as follows (Scheme 6).
Scheme 6: Selectivity of rhamnosyl bromide and thiorhamnoside glycosylations.
Complexation of the anomeric bromide in 18 with the insoluble silver salt, as
proposed by Van Boeckel and coworkers,[44] afforded the activated complex 22 in
which the -face is shielded resulting in an SN2-type attack by the nucleophile from
the -side. The -selectivity observed with thioglycosides 20 can be explained by
taking into account that the 2,3-O-carbonyl group locks the pyranose ring in a OH5
half chair conformation 23,[45] which is thought to facilitate the formation of the -
selective oxacarbenium ion 24 upon activation.
The 2,3-carbonate was also employed in gluco-type donors. For instance, the
phenylsulfenyltrifluoromethanesulfonate (PhSOTf) mediated coupling of ethyl 2,3-O-






















































toluene and dioxane, as described by Boons et al. preferentially afforded -dimer 27
(Scheme 7).[46]
Scheme 7: -Selective condensations of 2,3-O-carbonyl thioglucoside 25 (R = tetra-
O-benzoyl--D-galactosyl) and 2,3-oxazolidinone thioglucoside 28.
The Kerns group reported that 2,3-oxazolidinone equipped thioglucoside 28 was -
selectively condensed with a number of acceptors using PhSOTf as the activator at
low temperature in DCM.[47]
The effect of 3,4-O-carbonyl protection in thiorhamnoside donors in the
stereoselective synthesis of equatorially linked rhamnosides was also investigated and
found to be moderately -directing.[48]
1.1.2.2.2 Cyclic acetals
The isopropylidene acetal, formally a ketal, and its derivatives such as the
cyclohexylidene and -pentylidene acetal, can be effectively used in the regioselective
protection of 1,2-cis diol systems. Rhamno- and mannopyranosides equipped with a
2,3-cyclic acetal essentially exhibit the same behaviour as their cyclic carbonate
counterparts: heterogeneous catalysis of anomeric bromides affords -selectivity[49-52]
while homogeneous reactions preferentially guide the glycosidation towards the
axially linked product.[43,53,54]
Apart from the protection of vicinal diols, cyclic acetals are applied to mask
the 4,6-diol function of pyranoses. An interesting report by Schmidt and Kinzy
described that 4,6-O-isopropylidene protected 2-azido-2-deoxy glucopyranosyl
trichloroacetimidates can be - or -selectively glycosylated by reactive glycosyl


















































trichoroacetimidate 31 with primary alcohol 32 under the agency of BF3·OEt2
afforded -anomer 33 selectively. On the other hand, condensation of 31 with 34
catalysed by TMSOTf afforded -product 35 exclusively.
Scheme 8: Stereoselective glycosylations based on the potency of the promoter.
An explanation for these observations may be that complexation of BF3·OEt2 with the
anomeric leaving group leads to an activated complex which does not collapse to an
oxacarbenium ion-like species due to the torsionally disarming isopropylidene
acetal,[35] thereby enabling SN2-type nucleophilic substitution. Activation of the -
trichloroacetimidate with the more potent TMSOTf affords the -selective cation.
Ogawa and Nakahara applied a 4,6-O-isopropylidene acetal in the -selective
coupling of galactosyl fluorides with several 4-OH galactosyl acceptors.[56] For
instance, fluoride donor 36 was condensed with galactosyl acceptor 37 to give the -
linked disaccharide 38 (Scheme 9).































































Later, the Ogawa group studied the effect of 4,6-O-cyclic protection in the
intramolecular aglycon delivery based -glycosidation of 2-O-p-methoxybenzyl
mannopyranosides.[29,30] In terms of yield and selectivity, it was established that the
4,6-O-cyclohexylidene gave the best results as compared with the 4,6-O-
isopropylidene and 4,6-O-benzylidene.[57]
The Crich laboratory, following initial research on sulfoxides by the Kahne
group,[58] developed a highly -selective mannosylation protocol using 4,6-O-
benzylidene protected mannopyranosyl sulfoxides 39.[59,60] The reaction involves a
two step one-pot activation-coupling sequence in which first the sulfoxide is treated
with Tf2O at -60C in dichloromethane in the presence of the acid scavenger 4-
methyl-2,6-di-tert-butylpyridine (DTBMP), followed by the addition of an acceptor.
Mechanistic scrutiny of the reaction path by low temperature NMR analysis strongly
suggests the presence of -anomeric triflate 41 which is stabilised by the torsionally
disarming benzylidene function (Scheme 10). The axial triflate is thought to undergo
SN2-type displacement upon addition of for instance acceptor 42, leading to the
formation of -mannoside 43.[61]
Scheme 10: Crich’s -selective mannosylation approach.
On the basis of -deuterium kinetic isotope effects in 4,6-O-benzylidene directed -
mannosylation, Crich and Chandrasekera concluded that displacement of the
anomeric triflate by the carbohydrate acceptor proceeds with the development of
substantial oxacarbenium ion character.[62] The importance of the 4,6-O-benzylidene
group for -selective mannosylation was confirmed by Sun and Crich, who
demonstrated that 4,6-O-benzylidene protected thiomannosides 40 could be





















39: X = S(O)Ph, S(O)Et









Scheme 11) as an activator using the preactivation-coupling sequence (Scheme
10).[63,64]
Contrary, application of the sulfoxide-Tf2O and thioglycoside-PhSOTf
methodology to 4,6-O-benzylidene protected glucosides gave disaccharides with high
-selectivity.[65] This result
possibly stems from in situ
anomerisation of -triflates to
their more reactive 
counterparts. These -triflates
react quicker in an SN2-type
displacement upon addition of
the acceptor, affording the
axial linkage. The PhSOTf-
thiomannoside protocol was
further improved from an experimental point of view by employing the crystalline and
shelf-stable S-(4-methoxyphenyl) benzenethiosulfinate 46 (MPBT) in combination
with Tf2O as activator system instead of PhSOTf.[66] Shortly afterwards, the highly
potent 1-benzenesulfinyl piperidine 47 (BSP)/Tf2O activation system was introduced
for the -selective synthesis of mannoside linkages.[67]
In a comparative study, Weingart and Schmidt established that 4,6-O-
benzylidene protected -mannopyranosyl trichloroacetimidates can be glycosidated
under inverse conditions[68] at low temperature to give -mannosides with similar
efficiency, as observed in the sulfoxide method. They reasoned that since only a
catalytic amount of the promoter TMSOTf is used, an anomeric triflate is not feasible.
A twist-boat which preferentially undergoes attack from the -face was proposed as
the reactive intermediate.[69]
Kim et al. applied 4,6-O-benzylidene protection in their -selective
mannosylation protocol using 2-(hydroxycarbonyl)benzyl (HCB) mannosides. This
approach, like the work of Crich, entails low temperature Tf2O mediated preactivation
of the donor in the presence of DTBMP followed by acceptor addition (Scheme
12).[70] For instance, preactivation of mannoside 48 followed by addition of acceptor
49 afforded the -mannoside 50 as the sole isomer. However, in some cases,
performing the glycosidation without preactivation also led to preferential -product
formation and -selectivity was also observed when a 2,3-O-cyclohexylidene group












46: R = -S-p-OMePh (MPBT)





Scheme 12: Kim’s HCB glycosyl donors.
Nagai et al. have reported that the triflate deficient montmorillonite K-10 clay
assisted glycosidation of 2,3-di-O-benzyl-4,6-O-benzylidene--D-mannopyranosyl
diethyl phosphite with various acceptors gave access to -mannosides in high yields
and selectivities.[71]
The Crich -mannosylation approach has also found application in -D-
rhamnoside synthesis. First, thiomannoside 53 carrying a 4,6-O-benzylidene that is
functionalised with a thiol ester at the benzylic position is coupled -selectively.
Ensuing radical fragmentation of the ketal affords the 6-deoxy mannoside, i.e. the D-
rhamnoside (Scheme 13).[72,73]
Scheme 13: Radical fragmentation towards -D-rhamnoside 54.
An interesting example in which cyclic protection is used on the acceptor
glycoside to induce stereoselectivity in a glycosylation reaction is described by
Seeberger and coworkers. Locking the conformation of glucuronic acid acceptor 56 in
the 1C4 form and glycosylation with glycosyl donor 55 gave only the desired 1,2-cis-
linked disaccharide 57 (Scheme 14). Glycosidation of 55 with unlocked acceptor 58


































































Scheme 14: Conformational locking of the acceptor moiety.
1.1.2.2.3 1,2-diacetals
The pioneering work of the Ley laboratory with respect to the application of
1,2-diacetals such as the dispiroketal (dispoke), the cyclohexane-1,2-diacetal (CDA)
and the butane-2,3-diacetal (BDA) in carbohydrate synthesis has found widespread
application.[75,76] In general, 1,2-diacetals are employed to mask diequatorial diol
systems.
Van Boom and coworkers exploited the BDA group in the synthesis of a
clustered disaccharide polyphosphate analogue of Adenophostin A (Scheme 15).
Scheme 15: -selective glycosidation of a BDA 3,4-protected thioglucoside.
In the NIS/triflic acid (TfOH) promoted coupling of 60 and 61, only formation of -
anomer 62 was observed.[77] -Selectivity was also noted by Crich et al. in the
glycosidation of BDA 3,4-protected mannopyranosyl sulfoxides and thiomannosides




































































only 60 61 62
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Scheme 16: -selective glycosidation of BDA 3,4-protected mannosides.
The perception that the rigidity of 1,2-diacetals induces torsional strain[38,39,78]
has prompted the development of reactivity tuning in chemoselective glycosidation
reactions. Ley and Priepke applied this concept in a one-pot synthesis of a
trisaccharide unit found in the common Group B Streptococci polysaccharide antigen
(Scheme 17).[79]







































































63: X = S(O)Et, S(O)Ph
64: X  = SPh, SEt
1. preactivation
2. acceptor




This chemoselective glycosylation strategy could be further extended by employing
phenylseleno donors and slower reacting ethyl thioglycosides, thereby distinguishing
up to four levels of reactivity (Scheme 18).[80]
Scheme 18: Chemoselective glycosylation based on reactivity tuning of seleno- and
thioglycosides.
Armed selenodonor 71 is selectively activated in the presence of the torsionally
disarmed selenoglycoside 72, which serves as the acceptor, affording 73. Ensuing
chemoselective condensation of selenoglycoside 73 with thioglycoside 74 gave
trisaccharide 75, which was converted to the -bromide and coupled with acceptor 76
to afford tetrasaccharide 77.
A next development entailed the combination of the above described
chemoselective glycosylation approach with the concept of orthogonal[81]
glycosylation. This approach was shown to enable one-pot syntheses of linear[82] as
well as branched pentameric oligosaccharides[83] employing up to three different
anomeric leaving groups. For example, armed mannosyl fluoride 78 was















































































dimer was orthogonally glycosidated with armed selenide 80 followed by
chemoselective condensation of the formed trimer with disarmed selenide 81. Ensuing
coupling of thioglycoside acceptor 82 gave pentasaccharide 83.
Scheme 19: Orthogonal-chemoselective sequential one-pot glycosylation.
The above examples demonstrate the potential of cyclic protection in
stereoselective oligosaccharide synthesis. In view of the preference for either the axial
or the equatorial product which can be achieved by varying the position of the diol
protection, further exploration in this field seems a worthwhile goal. Especially
combinations of cyclic protection and chemoselective and/or orthogonal glycosylation
strategies present attractive research targets.
1.3 Thesis Outline
Although in the last decades considerable progress has been made in the
assembly of complex oligosaccharides, the statement of Paulsen in 1982 that ‘there
are no universal reaction conditions for oligosaccharide syntheses’ is not




































































progress is based, will have to be continued to access the vast array of structurally
diverse oligosaccharide constructs.
The research described in this thesis is aimed at the use of 1-thio and 1-hydroxyl
donors in combination with sulfonium triflate activation reagents in the
stereoselective construction of glycosidic bonds and the application of these
methodologies in the synthesis of biologically active oligosaccharide constructs.
The initial finding by Crich and Smith that conformationally restricted 4,6-O-
benzylidene protected thiomannosides can be efficiently and -selectively
glycosidated by the two-step low temperature 4-(methoxyphenyl)benzenethiosulfinate
(MPBT)/trifluoromethanesulfonic anhydride (Tf2O) protocol[66] encouraged the
exploration of this activation system in the glycosidation of the analogously protected
2-azido-2-deoxy thiomannosides 84-86 (Scheme 20). The development of a
stereoselective synthesis of 2-azido-2-deoxy--D-mannosides would give access to
biologically relevant -ManNHAc containing oligosaccharides.
Scheme 20: 2-Azido-2-deoxy thiomannosides.
As described in Chapter 2, application of the MPBT/Tf2O protocol in the
activation of the highly disarmed donors 84 and 85 did not lead to a productive
condensation with glycosyl acceptors. By counterbalancing the disarming nature of
the 2-azido functionality by installation of the more nucleophilic p-
methoxyphenylthio (SMP) residue on donor 86 and by preactivating at a higher
temperature (-60→-35ºC), application of the MPBT/Tf2O protocol with several
acceptors gave access to 2-azido-2-deoxy--D-mannosides in high yield and good
selectivity (e.g. 86→87).[84]
The advent of the more potent 1-(benzenesulfinyl)piperidine (BSP)/Tf2O
activation system[67] (47) was an incentive to explore its potency in the glycosidation
of thiomannosazides 85 and 86. In Chapter 3, it is shown that glycosidation of 1-










































subjection of the more reactive 86 to these conditions afforded coupled products
uneventfully.[85,86] It was reasoned that sulfonium triflate  species 90 generated in the
BSP protocol suffers from stabilisation by the nitrogen lone pair and that sulfonium
triflate 91 generated by treatment of diphenylsulfoxide (DPS) 88 with Tf2O would be
more powerful (Scheme 21).
Scheme 21: Sulfonium Triflate Activators.
Indeed, subjection of thiophenyl donor 85 to this reagent combination afforded
coupled products in good yields. The -selectivity in these glycosylations is strongly
dependent on the steric accessibility of the acceptor alcohol function. The reactivity
difference in the BSP and DPS activation systems was exploited in a chemoselective
glycosylation strategy.[85,87]
In Chapter 4, the first synthesis of the repeating unit of the acidic
polysaccharide of the bacteriolytic complex of lysoamidase is presented (Scheme 22).
Lysoamidase is effective in combating external infectious diseases caused by Gram-
positive bacteria. Its activity is based on the presence of several hydrolytic activities
in the complex, including glycyl-glycine endopeptidase, N-acetylmuramyl-L-alanine
amidase and an endoacetylglycosidase which cleaves N-acetylglucosaminyl-N-
acetylmuramic acid linkages.[88-90] The methodology described in chapters 2 and 3
was applied in the -selective condensation of 86 with L-galactosamine building
block 93, which was prepared in 12 steps from L-galactono-1,4-lactone. Ensuing
introduction of the glucosamine unit 92 followed by a deprotection-oxidation-


















46: R = S-p-OMePh (MPBT)
47: R  = 1-piperidino (BSP)




Scheme 22: Assembly of the lysoamidase trimeric repeat.
The -Gal epitope [Gal-(1,3)-Gal-(1,4)-GlcNAc] is a major obstacle in the
field of xenotransplantation of tissues or organs from pigs to monkeys (or humans)
due to hyperacute rejection.[92,93] At the same time, the strong immunological
response to -Gal may be beneficial in vaccinology or immune therapy. To
investigate the latter, neoglycoconjugate 98 comprising the linear B type 2
trisaccharide (-Gal epitope) connected to a membrane binding entity was
synthesised (Scheme 23).







































































Chapter 5 describes the synthesis of the trisaccharide part of the conjugate by
a one-pot orthogonal coupling sequence using DPS/Tf2O as the sole activation
system.[94] Deprotection of the trisaccharide was followed by functionalisation of the
spacer-amine with a di-amino scaffold which was decorated with palmitoates to
afford the membrane binding entity.[95]
Phenylethanoid glycosides (PhGs) are widely distributed in the plant kingdom
and display a variety of biological functions.[96] PhGs are characterised by a (2-
phenyl)-ethyl--D-glucopyranoside which is functionalised with an aromatic acid (e.g.
cinnamic acid, caffeic acid). Furthermore, monosaccharides may decorate the glucose
core. In Chapter 6, an approach towards the generic synthesis of phenylethanoid
glycoside tetramers is presented. The construction of these structures combines the
concepts of orthogonality and induced stereoselectivity by cyclic protection.
Scheme 24: Synthetic approach to the PhG jionoside backbone.
For instance, 2,3-O-carbonyl protected 1-hydroxyl rhamnose 100 was condensed with
glucal acceptor 99 using DPS/Tf2O, affording the -anomer as the sole isomer (A,





































hydroxyl galactose 101 (B) followed by oxidative coupling of the glucal with
phenylethanol 102 (C) afforded jionoside precursor 103.
In the final chapter of this thesis, a summary is outlined as are some future prospects.
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Chapter 2
A Novel Route Towards the Stereoselective
Synthesis of 2-Azido-2-Deoxy--D-
Mannosides
R. E. J. N. Litjens, M. A. Leeuwenburgh, G. A. van der Marel, J. H. van Boom,
Tetrahedron Lett. 2001, 42, 8693.
Abstract: Low temperature mannosylation of glycosyl acceptors under the agency of
S-(4-methoxyphenyl) benzenethiosulfinate (MPBT) and trifluoromethanesulfonic
anhydride (Tf2O) with p-methoxyphenyl 2-azido-3-O-benzyl-4,6-O-benzylidene-2-
deoxy-1-thio--D-mannopyranoside, readily available from D-mannosamine





The structure and the immunological properties of a multitude of
polysaccharides of bacterial origin have been established. These findings, together
with progress in the construction of these polymers have been implemented in the
development of synthetic vaccines.[1-3] The structure of a number of bacterial
polysaccharides and lipopolysaccharides is characterized by the presence of -linked
mannosamine residues. The stereoselective introduction of -mannosamine linkages
is severely hampered by stereo-electronic effects and over the years several
approaches to tackle this problem have been reported. Of the methods thus far
explored for the introduction of the -mannosamine motif, the use of the 2-
(benzoyloxyimino)-2-deoxy--D-arabino-hexapyranosyl bromide 1 (See Figure 1) as
a glycosyl donor[4,5] proved to be superior, in terms of easy accessibility and -
selectivity, to the originally proposed 2-azido-2-deoxy--D-mannopyranosyl
bromides 2a,b.[6]On the other hand, the methodology involving the a posteriori
introduction of the azido function via SN2-substitution at C-2 in -linked glucosides[7]
was very rewarding in the elaboration of the -ManNAc element in the repeating unit
of Streptococcus pneumoniae 19F capsular polysaccharide.[8,9]
Figure 1
 Recently, Crich and Sun[10] attained a high : ratio and good yield of D-
mannosides by activation of 2,3-di-O-alkyl-4,6-O-benzylidene-1-thio--D-
mannosides 3a,b at low temperature with in situ generated phenylsulfenyl triflate
(PhSOTf) and subsequent addition of glycosyl acceptors. The mannosidation protocol
could be improved substantially[11] from a practical point of view by using the
combination of crystalline and stable S-(4-methoxyphenyl) benzenethiosulfinate


















1 2a: R = Bn
  b: R = Ac
3a: X = SEt, R = TBS
  b: X = SPh, R = Bn
4a: X = SPh
  b: X = SEt
  c: X = SMP
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transformation of donors 3a,b into the -mannosyl triflates, which are
proposed[10,11,12] to play a decisive role[13] in -product formation. In this chapter, the
efforts in the condensation of the similarly protected ethyl(phenyl) 2-azido-2-deoxy-
1-thio-mannosides 4a,b,c with glycosyl acceptors by the latter glycosidation protocol
are described as a novel approach towards 2-azido-2-deoxy--D-mannosides.
Results and discussion
The synthesis of the requisite thiomannosides 4a,b via a six-step sequence
from commercially available D-mannosamine hydrochloride 5 is presented in Scheme
1.
Scheme 1
Reagents and conditions: i. TfN3, K2CO3, CuSO4 (cat.), H2O, MeOH, CH2Cl2; ii. Ac2O, DMAP (cat.),
pyridine, 6: 88% (2 steps); iii. PhSH, BF3.OEt2, CH2Cl2, 35 C, 7a: 55%; iv. EtSH, BF3.OEt2, CH2Cl2,
35 C, 7b: 70%; v. MPSH, BF3.OEt2, CH2Cl2, 35 C, 7c: 59%; vi. KOtBu, MeOH, 8a,b,c: quant.; vii.
PhCH(OMe)2, HBF4.OMe2, DMF, 9a: 88%, 9b: 91%, 9c: 88%; viii BnBr, NaH, DMF, 4a: 96%, 4b:
90%, 4c: 97%. MP = p-OMePh.
Subjection of 5 to diazo transfer reaction[14] and subsequent acetylation led to fully
acetylated derivative 6 as a mixture of anomers. Treatment of 6 with for example
ethanethiol in the presence of BF3.OEt2 followed by deacetylation gave ethyl 1-thio-
-D-mannopyranoside 8b. Acetalisation of 8b with benzaldehyde dimethylacetal
under the agency of HBF4.OMe2 followed by benzylation afforded ethylthio donor 4b


































a: R = Ph
b: R = Et





In the first instance, phenylthio donor 4a in dry CH2Cl2 was activated for 5
min at -60 C with MPBT/Tf2O in the presence of 2,6-di-tert-butylpyridine
(DTBMP). Addition of diacetone-D-galactose 10 and analysis of the mixture, after
additional stirring for 10 min at –60C, revealed the presence of starting materials and
no trace of the expected coupling products. Moreover, executing the activation step at
higher temperature (-60C-20C) or prolonged reaction times were also not
successful. In addition, glycosidation at temperatures above -20C led to intractable
mixtures of products. Similar results were also obtained in subjecting the
ethylthiodonor 4b to the same glycosidation conditions.
The failure of activating donors 4a,b at low temperature can be explained[15]
by taking into consideration that the nucleophilicity of the sulfur atom at the anomeric
center will be decreased due to the electron withdrawing effect of the 2-azido
group.[16] Consequently, replacement of the anomeric functions in 4a,b by the more
electron donating p-methoxyphenylthio group could have a beneficial effect on the
activation step.
Table 1: MPBT promoted glycosidation of thiomannoside 4c.










































aTotal yield and : ratio were assigned after separation of the anomers.bYield based on 4c.c: ratio
determined by 1H-NMR spectroscopy.
Indeed, it turned out that activation of donor 4c, prepared in a similar fashion
as 4a,b (Scheme 1), for 15 min at -35C followed by the addition at -60C of
diacetone-D-galactose 10, led to the expected disaccharide 14 (entry 1 in Table 1) as a
mixture of anomers in good yield within 10 min. The stereochemistry of the
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mannosidic bond in the resulting individual anomers was firmly ascertained[17] on the
basis of the C1-H1 heteronuclear one-bond coupling constants (1JC1,H1). An increase
of -selectivity was observed (entry 2) in the glycosylation of methyl 2,3,4-O-
benzoyl-glucopyranoside 11 with 4c. On the other hand, condensation of 4c (entry 3)
with the relatively less reactive primary alcohol function in phytosphingosine
derivative 12 led to the exclusive formation, although in moderate yield, of the 2-
azido-2-deoxy--mannoside 16. A similar result was observed (entry 4) in the
glycosidation of 4c with the secondary hydroxyl group in acceptor 13. At this stage, it
is also of interest to note that the stereochemistry and yield of the mannosidations
summarized in Table 1 do not deviate substantially from those observed earlier by
Crich and Smith using the corresponding -D-thiomannosides 3b as donor. However,
the -selectivity of the condensation of 4c with acceptor 11 (entry 2) is less
pronounced in comparison with the nearly exclusive formation of the -mannoside
resulting from the coupling of the corresponding partially acetylated glucose acceptor
with phenyl -D-thiomannoside 3b.
Conclusion
In conclusion, the results described in this chapter indicate that the readily
accessible and orthogonally protected p-methoxyphenyl 2-azido-2-deoxy--D-
mannoside 4c shows promise in the construction of -ManNHAc disaccharides.
Experimental Section
General methods: Dichloromethane was refluxed with P2O5 and distilled before use. MPBT was
synthesized as described by Crich et al.[11] Trifluoromethanesulfonic anhydride was stirred for 3 hours
on P2O5 and subsequently distilled. All chemicals (Fluka, Acros, Merck, Aldrich, Sigma) were used as
received. Reactions were performed under an inert atmosphere under strictly anhydrous conditions.
Traces of water from reagents used in reactions that require anhydrous conditions were removed by
coevaporation with toluene or dichloroethane. Molecular sieves (3Å) were flame dried before use.
Column chromatography was performed on Merck silica gel 60 (0.040-0.063 mm). TLC analysis was
conducted on DC-fertigfolien (Schleicher & Schuell, F1500, LS254) or HPTLC aluminum sheets
(Merck, silica gel 60, F254). Compounds were visualized by UV absorption (254 nm), by spraying
with 20% H2SO4 in ethanol or with a solution of (NH4)6Mo7O24·4H2O 25g/L, followed by charring at ±
140ºC. 1H and 13C NMR spectra were recorded with a Jeol JNM-FX-200 (200 and 50 MHz), a Bruker
DPX 300 (300 and 75 MHz) or a Bruker AV 400 (400 and 100 MHz). NMR spectra were recorded in
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CDCl3 with chemical shifts () relative to tetramethylsilane unless stated otherwise. Mass spectra were
recorded on a PE/SCIEX API 165 equipped with an Electrospray Interface (Perkin-Elmer).
General procedure for glycosylations with MPBT: To a stirred mixture of p-methoxyphenyl 2-
azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-1-thio--D-mannopyranoside 4c (101 mg, 0.2 mmol),
MPBT (66 mg, 0.25 mmol), DTBMP (102 mg, 0.5 mmol) and 3Å Ms in DCM (2.5 mL) at -35ºC was
added Tf2O (70 L, 0.4 mmol). After 15 min, the reaction mixture was cooled to -60ºC and
subsequently a solution of the acceptor (0.4 mmol) in DCM (1 mL) was added dropwise. The mixture
was stirred for 10 min at -60ºC followed by additon of MeOH, warmed to room temperature, filtered,
washed with sat. aq. NaHCO3 followed by brine and the organics were dried (Na2SO4) and
concentrated under reduced pressure. The glycosides were isolated by column chromatography. Yields
are based on 4c.
Phenyl 3,4,6-tri-O-acetyl-2-azido-2-deoxy-1-thio--D-mannopyranoside (7a):
To a solution of per-acetate manazide 6 (1.8 g, 5.0 mmol) in DCE (25 mL) were
added PhSH (565 L, 5.5 mmol) and BF3.OEt2 (1.27 mL, 10.0 mmol). The
mixture was warmed to 35ºC and stirred for 5h after which TLC analysis (ethyl
acetate/toluene 1/3 v/v) showed complete conversion of the starting material. Ethyl acetate was added
and the mixture was washed with sat. aq. NaHCO3 and brine. The organic layer was dried (MgSO4),
filtered and the volatiles were removed under reduced pressure. The residue was purified by column
chromatography (ethyl acetate/light petroleum 1/20 1/4 v/v) to give thioglycoside 7a (1.17 g, 2.76
mmol, 55%) as a colorless oil. 1H-NMR:  (ppm) 7.45 (m, 2H, H arom.), 7.30 (m, 3H, H arom.), 5.53
(d, 1H, H-1, J = 0.8 Hz), 5.48 (m, 2H, 2x H-6), 4.47 (m, 1H, H-5), 4.28 (d, 1H, H-2, J = 3.2 Hz), 4.25
(t, 1H, H-4, J = 5.1 Hz), 4.06 (dd, 1H, H-3, J = 11.7, 2.2 Hz), 2.11 (s, 3H, -O(CO)CH3), 2.07 (s, 3H, -
O(CO)CH3), 2.04 (s, 3H, -O(CO)CH3). 13C-NMR:  (ppm) 170.2, 169.6, 169.3, 132.2, 131.7, 129.0,
127.9, 85.4, 70.8, 69.3, 65.8, 62.4, 61.9, 20.4, 20.2. ESI-MS (M+Na): 446.2.
Phenyl 2-azido-4,6-O-benzylidene-2-deoxy-1-thio--D-mannopyranoside
(9a): To a solution of triacetate 7a (1.17 g, 2.76 mmol) in MeOH (15 mL) was
added KOtBu (65 mg). After 30 min, TLC analysis (ethyl acetate) showed full
consumption of the starting compound and the mixture was neutralized with
DOWEX-H+ to pH ~ 7, filtered and concentrated in vacuo. The resulting product was dissolved in
DMF (15 mL) and benzaldehyde dimethylacetal (460 L, 3.0 mmol) and HBF4.OMe2 (360 L, 3.0
mmol) were added. After 16h, the reaction was quenched with Et3N (500 L) and the mixture was
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petroleum 1/20  1/5 v/v) to yield title compound 9a (932 mg, 2.42 mmol, 88%) as a white foam. 1H-
NMR:  (ppm) 7.33 (m, 10H, H arom.), 5.59 (s, 1H, CH-benzylidene), 5.48 (s, 1H, H-1), 4.35 (m, 4H,
H-2, 2x H-6, H-5), 4.00 (dd, 1H, H-3, J = 11.6, 2.3 Hz), 3.82 (t, 1H, H-4, J = 10.2 Hz). 13C-NMR: 
(ppm) 136.9, 133.0, 131.7, 129.2, 128.5, 126.5, 102.3, 86.8, 79.04, 68.8, 68.1, 65.0, 64.5. ESI-MS
(M+Na): 408.1.
Phenyl 2-azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-1-thio--D-
mannopyranoside (4a): To a solution of alcohol 9a (763 mg, 1.98 mmol) in
DMF was added BnBr (280 L, 2.38 mmol) and the mixture was chilled to
0ºC. NaH (94 mg, 2.38 mmol) was added. After 1h, TLC analysis (ethyl acetate/light petroleum 1/4
v/v) showed full conversion of the starting material. MeOH (200 L) was added and the mixture was
concentrated in vacuo. The residue was purified over a silica gel column (ethyl acetate/light petroleum
1/40  1/10 v/v) to give the desired product (908 mg, 1.92 mmol, 96%) as a white solid. mp = 96ºC.
1H-NMR:  (ppm) 7.46 (m, 15H, H arom.), 5.66 (s, 1H, CH-benzylidene), 5.46 (s, 1H, H-1), 4.96 (d,
1H, -CHPh, J = 12.0 Hz),  4.78 (d, 1H, -CHPh, J = 12.0 Hz), 4.46 (m, 1H, H-5), 4.21 (m, 4H, H-2, H-3,
2x H-6), 3.87 (t, 1H, H-4, J = 9.9 Hz). 13C-NMR:  (ppm) 137.9, 137.5, 132.9, 131.8, 129.3, 129.0,
128.5, 128.2, 128.0, 127.9, 127.6, 126.2, 101.6, 87.0, 79.1, 75.9, 73.3, 68.2, 65.1, 64.0. ESI-MS
(M+Na): 498.4.
Ethyl 3,4,6-tri-O-acetyl-2-azido-2-deoxy-1-thio--D-mannopyranoside (7b):
To a solution of per-acetate manazide 6 (2.0 g, 5.4 mmol) in DCE (25 mL) were
added EtSH (500 L, 6.5 mmol) and BF3.OEt2 (1.4 mL, 10.8 mmol). The
mixture was heated to 35ºC and stirred for 3.5 h after which TLC analysis (ethyl acetate/light
petroleum 1/1 v/v) showed full consumption of the starting material. Ethyl acetate was added and the
mixture was washed with sat. aq. NaHCO3. The organics were dried (MgSO4), filtered and
concentrated under reduced pressure. Purification over a silicagel column (ethyl acetate/light petroleum
1/7 1/4 v/v) gave the title compound (1.42 g, 3.8 mmol, 70%) as a colorless oil. 13C-NMR:  (ppm)
170.3, 169.6, 169.3, 82.1, 71.1, 68.6, 65.9, 62.5, 61.9, 25.2, 20.4, 20.2, 14.5. ESI-MS (M+Na): 398.2.
Ethyl 2-azido-4,6-O-benzylidene-2-deoxy-1-thio--D-mannopyranoside
(9b): To a solution of triacetate 7b (1.18 g, 3.8 mmol) in MeOH (15 mL) was
added KOtBu (70 mg, 0.6 mmol). After 40 min, TLC analysis (ethyl
acetate/light petroleum 1/1 v/v) showed full conversion of the starting compound. The mixture was
neutralized with DOWEX-H+ to pH ~ 7, filtered and concentrated. The resulting oil was dissolved in

















mmol) were added. After overnight reaction, Et3N was added, the reaction mixture concentrated in
vacuo and the resulting oil applied on a silicagel column (ethyl acetate/light petroleum 1/20  1/4 v/v)
to give the title compound (1.12 g, 3.3 mmol, 87%) as a colorless oil. 1H-NMR:  (ppm) 7.41 (m, 2H,
H arom.), 7.37 (m, 3H, H arom.), 5.58 (s, 1H, CH-benzylidene), 5.29 (s, 1H, H-1), 4.20 (m, 3H, H-3,
H-4, H-6), 4.05 (d, 1H, H-2, J = 3.7 Hz), 3.87 (m, 2H, H-6, H-5), 2.61 (m, 2H, S-CH2-), 1.28 (t, 3H,
CH3, J = 7.3 Hz). 13C-NMR:  (ppm) 136.9, 129.2, 128.3, 126.3, 102.2, 83.2, 79.1, 68.8, 68.2, 65.1,
63.8, 25.3, 14.7. ESI-MS (M+Na): 360.1.
Ethyl 2-azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-1-thio--D-
mannopyranoside (4b): Alcohol 9b (1.12 g, 3.3 mmol) was dissolved in
DMF and BnBr (470 L, 3.6 mmol) was added. The mixture was chilled to
0ºC and NaH (160 mg, 3.96 mmol) was added portionwise. After overnight reaction, MeOH (200 L)
was added and the solution was concentrated under reduced pressure. Purification of the resulting oil
by silica gel chromatography (light petroleum  ethyl acetate/light petroleum 1/10 v/v) afforded the
desired compound (1.28 g, 2.98 mmol, 90%) as a colorless oil. 1H-NMR:  (ppm) 7.36 (m, 10H, H
arom.), 5.63 (s, 1H, CH-benzylidene), 5.25 (s, 1H, H-1), 4.90 (d, 1H, -CHPh, J = 11.7 Hz), 4.71 (d, 1H,
-CHPh, J = 11.7 Hz), 4.20 (m, 4H, H-3, H-4, 2x H-6), 4.03 (d, 1H, H-2, J = 3.3 Hz), 3.86 (m, 1H, H-5),
2.62 (m, 2H, S-CH2-), 1.29 (t, 3H, 7.3 Hz). 13C-NMR:  (ppm) 137.8, 137.7, 128.1, 127.7, 127.5,
126.0, 101.5, 83.4, 79.2, 75.9, 73.3, 68.4, 64.3, 64.1, 25.3, 14.8. ESI-MS (M+Na): 450.2.
p-Methoxyphenyl 3,4,6-tri-O-acetyl-2-azido-2-deoxy-1-thio--D-
mannopyranoside (7c): To a solution of per-acetate manazide 6 (13.72 g,
10.0 mmol) in DCE (50 mL) were added MPSH (1.48 mL, 12.0 mmol) and
BF3.OEt2 (2.5 mL, 20.0 mmol). The mixture was warmed to 35ºC and
stirred for 10h after which TLC analysis (ethyl acetate/toluene 1/3 v/v) showed complete conversion of
the starting material. Ethyl acetate was added and the mixture was washed with sat. aq. NaHCO3 and
brine. The organic layer was dried (MgSO4), filtered and the volatiles were removed under reduced
pressure. The residue was purified by column chromatography (ethyl acetate/light petroleum 1/20
1/4 v/v) gave thioglycoside 7c (2.66 g, 5.87 mmol, 59%) as a slightly yellow solid. 1H-NMR: 
(ppm) 7.39 (d, 2H, J = 8.8 Hz, H arom.), 6.84 (d, 2H, J = 8.8 Hz, H arom.), 5.35 (s, 1H, H-1), 5.32 (m,
2H, 2x H-6), 4.51 (m, 1H, H-5), 4.24 (m, 2H, H-2, H-4), 4.05 (dd, 1H, H-4, J = 12.4, 2.2 Hz), 3.78 (s,
3H, OMe), 2.09 (s, 3H, -O(CO)CH3), 2.07 (s, 3H, -O(CO)CH3), 2.05 (s, 3H, -O(CO)CH3). 13C-NMR: 
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p-Methoxyphenyl  2-azido-4,6-O-benzylidene-2-deoxy-1-thio--D-
mannopyranoside (9c): To a solution of triacetate 7c (2.66 g, 5.87
mmol) in MeOH (25 mL) was added KOtBu (140 mg). After 40 min,
TLC analysis (ethyl acetate) showed full consumption of the starting compound and the mixture was
neutralized with DOWEX-H+ to pH ~ 7, filtered and concentrated in vacuo. The resulting product was
dissolved in DMF (25 mL) and benzaldehyde dimethylacetal (1.0 mL, 7.0 mmol) and HBF4.OMe2 (700
L, 7.0 mmol) were added. After 16h, the reaction was quenched with Et3N (500 L) and the mixture
was concentrated. The resulting product was purified by column chromatography (ethyl acetate/light
petroleum 1/20  1/5 v/v) to give title compound 9c (2.00 g, 4.84 mmol, 88%) as a white foam. 1H-
NMR:  (ppm) 7.51 (m, 2H, H arom.), 7.39 (m, 5H, H arom.), 6.86 (d, 2H, J = 8.8 Hz, H arom.), 5.56
(s, 1H, CH-benzylidene), 5.29 (s, 1H, H-1), 4.37 (m, 1H, H-5), 4.16 (m, 3H, H-2, 2x H-6), 3.92 (t, 1H,
H-4, J = 9.5 Hz), 3.79 (s, 3H, OMe), 3.78 (t, 1H, H-3, J = 11.7), 2.94 (s, 1H, OH). 13C-NMR:  (ppm)
160.0, 137.1, 135.0, 129.4, 128.5, 126.5, 122.9, 114.8, 102.2, 87.6, 79.1, 68.8, 68.1, 65.0, 64.4, 55.2.
ESI-MS (M+Na): 438.0.
p-Methoxyphenyl 2-azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-1-
thio--D-mannopyranoside (4c): Alcohol 9c (2.01 g, 4.84 mmol) was
dissolved in DMF (25 mL) and the solution was chilled to 0ºC. NaH
(230 mg, 5.81 mmol) and BnBr (630 L, 5.32 mmol) were added.
After overnight reaction, TLC analysis (ethyl acetate/light petroleum 1/3 v/v) showed complete
transformation of the alcohol, MeOH (500 L) was added and the volatiles were removed under
reduced pressure. Column chromatography (ethyl acetate/light petroleum 1/40  1/5 v/v) of the
residue afforded thioglycoside 4c (2.37 g, 4.69 mmol, 97%) as a pale yellow solid. mp = 107ºC. 1H-
NMR:  (ppm) 7.50 (m, 2H), 7.34 (m, 10H, H arom.), 6.85 (d, 2H, 8.8 Hz, H arom.), 5.63 (s, 1H, CH-
benzylidene), 5.26 (s, 1H, H-1), 4.92 (d, 1H, -CHPh, J = 12.4 Hz), 4.74 (d, 1H, -CHPh, J = 12.4 Hz),
4.36 (m, 1H, H-5), 4.19 (m, 4H, H-2, 2x H-6, H-3), 3.83 (t, 1H, 10.2 Hz), 3.76 (s, 3H, OMe). 13C-
NMR:  (ppm) 160.1, 137.9, 137.5, 135.1, 129.0, 128.5, 128.2, 127.8, 127.6, 126.1, 122.7, 101.6, 87.8,
79.2, 75.8, 73.3, 68.3, 65.0, 63.8, 55.2. ESI-MS (M+Na): 528.2.
6-O-(2-azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy--D-
mannopyr-anosyl)-1,2:3,4-di-O-isopropylidene--D-
galactopyranose (14): Yield: 28%. Rf 0.52 (ethyl acetate/toluene






















arom.), 5.62 (s, 1H, CH-benzylidene), 5.53 (d, 1H, H-1, J = 5.0 Hz), 4.90 (d, 1H, -CHPh, J = 12.1 Hz),
4.83 (d, 1H, H-1’, J = 1.3 Hz), 4.72 (d, 1H, -CHPh, J = 12.1 Hz), 4.66 (dd, 1H, H-3, J = 8.2, 2.8 Hz),
4.33 (dd, 1H, H-2, J = 5.0, 2.4 Hz), 4.16 (dd, 1H, H-6’, J = 7.6, 1.9 Hz), 4.12 (dd, 1H, H-4, J = 8.0, 0.9
Hz), 4.10 (m, 3H, H-6’, H-3’, H-4’), 4.04 (dd, 1H, H-2’, J = 2.8, 1.3 Hz), 3.96 (dt, 1H, H-5, J = 10.2,
0.9 Hz), 3.83 (m, 2H, H-5’, H-6), 3.69 (dd, 1H, H-6, J = 10.2, 7.6 Hz), 1.54 (s, 3H, isopropylidene),
1.44 (s, 3H, isopropylidene), 1.32 (s, 3H, isopropylidene), 1.25 (s, 3H, isopropylidene). 13C-NMR: 
(ppm) 137.3, 137.1, 135.3, 128.8, 128.2, 128.0, 127.5, 127.3, 126.3, 109.5, 108.6, 101.4, 98.8 (1JCH =




galactopyranose (14): Yield: 55%. Rf 0.48 (ethyl
acetate/toluene 1/3 v/v). 1H-NMR:  (ppm) 7.47 (m, 2H, H
arom.), 7.38 (m, 8H, H arom.), 5.58 (s, 1H, CH-benzylidene),
5.52 (d, 1H, H-1, J = 4.9 Hz), 4.84 (d, 1H, -CHPh, J = 11.3 Hz), 4.77 (d, 1H, -CHPh, J = 11.3 Hz),
4.69 (d, 1H, H-1’, J = 0.9 Hz), 4.61 (dd, 1H, H-3, J = 8.0, 2.7 Hz), 4.36 (m, 2H, H-6’, H-2), 4.18 (d,
1H, H-4, J = 2.1 Hz), 4.12 (m, 2H, H-2’, H-6), 4.02 (m, 2H, H-4’, H-5), 3.88 (t, 1H, H-6’, J = 10.4 Hz),
3.67 (m, 2H, H-3’, H-6), 3.34 (m, 1H, H-5), 1.54 (s, 3H, isopropylidene), 1.44 (s, 3H, isopropylidene),
1.34 (s, 3H, isopropylidene), 1.31 (s, 3H, isopropylidene). 13C-NMR:  (ppm) 137.4, 137.1, 135.4,
129.0, 128.3, 128.2, 127.5, 127.6, 126.3, 109.6, 108.8, 101.4, 101.0 (1JCH = 160.2 Hz), 96.1, 78.3, 75.6,





oside (15): Isolated as a mixture of anomers. 15: Yield:
18%. Rf 0.37 (ethyl acetate/toluene 1/3 v/v). 13C-NMR:  (ppm) 165.6, 165.4, 164.9, 137.2, 136.7,
133.4, 133.0, 132.9, 129.6, 129.41, 128.8, 128.5, 128.1, 127.7, 127.7, 101.3, 99.3 (1JCH = 171.2 Hz),
96.9, 78.6, 75.2, 73.1, 70.0, 69.5, 68.3, 67.9, 66.3, 63.8, 62.3, 55.5. ESI-MS (M+H): 872.3. 15: Yield:
69%. Rf 0.36 (ethyl acetate/toluene 1/3 v/v). 1H-NMR:  (ppm) 7.92 (m, 6H, H arom.), 7.29 (m, 19H, H
arom.), 6.18 (t, 1H, H-3, J = 7.3 Hz), 5.57 (s, 1H, CH-benzylidene), 5.50 (t, 1H, H-4, J = 10.2 Hz), 5.27
(m, 2H, H-2, H-1), 4.89 (d, 1H, -CHPh, J = 12.4 Hz), 4.75 (d, 1H, -CHPh, J = 12.4 Hz), 4.60 (s, 1H, H-
1), 4.10 (m, 5H, H-2’, H-4’, H-3’, H-6, H-6’), 3.92 (m, 3H, H-5, H-6, H-6’), 3.48 (s, 3H, OMe). 13C-
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127.7, 127.6, 101.4, 100.7 (1JCH = 159.5 Hz), 96.6, 78.2, 75.9, 72.8, 71.9, 70.1, 69.2, 68.6, 68.1, 67.1,
65.7, 63.2, 55.4. ESI-MS (M+H): 872.4.
1-O-(2-azido-3-O-benzyl-4,6-O-benzylidene-2-
deoxy--D-mannopyranosyl)-2(S)-azido-3(S),4(R)-
di-O-benzoyl-phytosphingosine (16): Yield: 59%.
Rf 0.67 (ethyl acetate/toluene 1/3 v/v). 1H-NMR:  (ppm) 8.06 (m, 4H, H arom.), 7.28 (m, 16H, H
arom.), 5.62 (m, 2H, H-3, H-4), 5.55 (s, 1H, CHPh), 4.83 (d, 1H, -CHPh, J = 12.4 Hz), 4.70 (d, 1H, -
CHPh, J = 12.4 Hz), 4.56 (s, 1H, H-1’), 4.24 (d, 1H, J = 2.2 Hz, H-2’), 4.16 (m, 4H, 2x H-1, H-3’, H-
2), 3.93 (m, 3H, 2x H-6, H-4), 3.28 (m, 1H, H-5’), 1.87 (t, 2H, 2x H-5, J = 6.6 Hz), 1.23 (m, 22H, -
CH2-), 0.87 (t, 3H, -CH3, J = 5.8 Hz). 13C-NMR:  (ppm) 165.7, 165.0, 138.2, 133.4, 133.2, 129.2,
129.0, 128.9, 128.7, 127.6, 101.4, 99.7 (1JCH = 158.0 Hz), 78.2, 76.1, 72.1, 72.6, 68.9, 68.1, 67.2, 62.0,
60.9, 60.2, 55.3, 31.8, 29.5, 25.2, 22.5, 14.0. ESI-MS (M+Na): 939.6.
3-O-(2-azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy--D-
mannopyranosyl)-1,2:5,6-di-O-isopropylidene--D-gluco-
furanose (17): Yield: 61%. Rf 0.47 (ethyl acetate/toluene 1/3
v/v). 1H-NMR:  (ppm) 7.50-7.33 (m, 10H, H arom.), 5.94 (d,
1H, J = 3.8 Hz, H-1), 5.59 (s, 1H, -CHPh), 4.91 (d, 1H, -CHPh,
J = 10.2 Hz), 4.73 (d, 1H, -CHPh, J = 10.2 Hz), 4.68 (d, 1H, H-1’, J = 1.0 Hz), 4.50 (d, 1H, H-2, J =
3.8 Hz), 4,37 (m, 1H, H-5), 4.33 (m, 2H, H-4, H-3), 4.27 (dd, 1H, H-6’, J = 10.2, 4.5 Hz), 4.18 (t, 1H,
H-6, J = 6.4 Hz), 4.07 (m, 2H, H-4’, H-6), 3,90 (d, 1H, H-2’, J = 3.5 Hz), 3.86 (t, 1H, H-6’, J = 10.2
Hz), 3.77 (dd, 1H, H-3’, J = 9.5, 3.8 Hz), 3.33 (m, 1H, H-5’), 1.50 (s, 3H, -CH3), 1.45 (s, 3H, -CH3),
1.38 (s, 3H, -CH3), 1.32 (s, 3H, -CH3). 13C-NMR:  (ppm) 137.7, 137.1, 129.0, 128.5, 128.3, 127.9,
127.7, 126.0, 112.0, 108.6, 105.0, 101.5, 98.1 (1JCH = 159.8 Hz), 82.6, 80.4, 80.3, 78.4, 76.4, 73.1,
73.0, 68.3, 67.5, 66.0, 63.5, 26.7, 26.5, 26.3, 25.5. ESI-MS (M+Na): 748.2.
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Chapter 3
Sulfonium Triflate Mediated Glycosidations
of Aryl 2-Azido-2-Deoxy-1-Thio-D-
Mannosides
R. E. J. N. Litjens, J. D. C. Codée, R. den Heeten, H. S. Overkleeft, J. H. van Boom,
G. A. van der Marel, Org. Lett. 2003, 5, 1519.
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Abstract: The effectiveness in terms of yield and stereoselectivity of benzenesulfinyl
piperidine (BSP) 1b/trifluoromethanesulfonic anhydride (Tf2O) and diphenylsulfoxide
(DPS) 1c/Tf2O mediated glycosidations of 2-azido-3-O-benzyl-4,6-O-benzylidene-2-
deoxy-D-thiomannosides 2a/b is described. Application of the BSP/Tf2O activator led
to productive condensations using p-methoxyphenyl 2-azido-3-O-benzyl-4,6-O-
benzylidene-2-deoxy-D-thiomannoside 2b as a donor while the more powerful





The development of synthetic procedures for the efficient and stereoselective
introduction of glycosidic linkages is a major aim in carbohydrate chemistry.[1-7]
Although considerable progress has been made in the last decades, a general
glycosylation procedure that enables the assembly of any given oligosaccharide or
glycoconjugate, if at all possible, remains to be established. The outcome of a
glycosylation event, in terms of yield and stereoselectivity, depends on solvent
systems, temperature, the nature of the donor and acceptor and the applied protective
group strategy. Apart from this, the leaving group at the anomeric center of the donor
in combination with the activator system can be a decisive factor in the outcome of a
glycosylation reaction.
Scheme 1
Recently, Crich and coworkers reported major advances in the stereoselective
construction of -D-mannopyranosides[8-10] and -L-rhamnopyranosides.[11] For steric
as well as electronic reasons these linkages are notoriously difficult to prepare.
Application of the 4,6-O-benzylidene protecting group[12] in armed[13] thiomannoside
donors in combination with S-(4-methoxyphenyl) benzene thiosulfinate
(MPBT)/trifluoromethanesulfonic anhydride (Tf2O) (1a, Scheme 1) as activating
agent and 2,6-di-tert-butyl-4-methylpyridine (DTBMP) as non-nucleophilic base led
to the introduction of -glycosidic linkages in high excess.[10] The same group found
an improvement of this procedure in the development of the more potent activator
system 1-benzenesulfinyl piperidine (BSP) and Tf2O (1b, Scheme 1) in combination
with tri-tert-butylpyrimidine (TTBP) as acid scavenger, capable of activating and
coupling of disarmed[14] glycosides and able to effectuate selective -mannoside
formation. With the objective to develop an efficient procedure to install -
mannosamine linkages employing orthogonally protected thioglycosides, attention














2a: R = Ph
  b: R = 4-MeOPh (MP)
1a: R' = S-(4-OMePh) (MPBT)
  b: R' = 1-piperidino (BSP)
  c: R' = Ph (DPS)
1d: R = S-(4-OMePh)
  e: R = 1-piperidino
   f: R = Ph
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thiomannosides 2 as suitable glycosyl donors.[15] In chapter 2, initial results in the
study of the two step MPBT/Tf2O promoted glycosylations of 2-azido-2-deoxy-
thiomannosides 2a/b with several acceptor molecules were described.[16] It turned out
that phenyl thiomannoside 2a could not be activated using the MPBT/Tf2O system,
probably due to the electron withdrawing effect of the azide function. Effective
condensations employing this activator were accomplished by the use of donor 2b, in
which the disarmed nature is counterbalanced by the introduction of a methoxy group
on the phenyl ring, thereby enhancing the nucleophilicity of the anomeric sulfur atom.
The outcome of this study raised the question whether the BSP/Tf2O activator system
could effect the formation of -mannosamine linkages with equal efficiency.[17]
Results and discussion
Subjection of S-phenyl donor 2a to the BSP/Tf2O protocol did not lead to
reproducible results. Complete activation of 2a could not always be attained,
presumably due to untraceable, subtle variations in the experimental conditions. For
instance, the BSP/Tf2O protocol was employed on 2a using methyl 2,3,4-tri-O-
benzyl--D-glucopyranoside 4 as the acceptor (Figure 1).
Figure 1
The desired disaccharide 11 was isolated in an : ratio of 1:1 in 72% yield.[18] In an
attempt to encourage the formation of the kinetically favored -anomer, the activation
temperature was lowered to -78ºC. After activation and acceptor addition only small
amounts of dimer 11 (< 10%) were isolated. Screening of the activation step by TLC
analysis after activation for 5 min revealed two major spots with nearly identical
polarity. Identification of these products after warming of the reaction mixture to
room temperature followed by standard work-up and purification afforded starting












































originates from abstraction of the C-2 proton in the transient contact ion pair.[19,20]
These findings were an incentive to employ the BSP/Tf2O protocol in the
condensation of the more reactive S-methoxyphenyl donor 2b with acceptors 4-9. The
results of these glycosylations are summarized in Table 1.
Table 1: BSP/Tf2O promoted glycosidations of thiomannoside 2b






















































































Condensation of 2b with 4 afforded disaccharide 11 in 91% yield and an :
ratio of 1:4 (Entry 1). A similar result was obtained in the condensation of the less
reactive methyl 2,3,4-tri-O-acetyl--D-glucopyranoside acceptor 5 (Entry 2).
Coupling of 2b with phytosphingosine derivative 6 gave solely the -anomer 13 in
80% yield. Glycosylation of the sterically demanding 3-OH in diacetone glucose 7 to
afford disaccharide 14 proceeded equally efficient but with less stereoselectivity. In
the condensation of 2b with the glucosazide acceptor 8, the stereochemistry of the
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glycosylation reaction was completely reversed to give -dimer 15 in 66% yield and
no -product was observed (Entry 5). Glycosylation of the corresponding 1,6-anhydro
glucosazide 9 gave disaccharide 16 in 75% yield and an : ratio of 1:4.
The assumption that the inactivity of 2a towards the BSP/Tf2O combination
originates from a stabilizing effect of the piperidine nitrogen lone pair on the sulfur
cation 1e was at the basis of the finding that the diphenylsulfoxide (DPS) 1c/Tf2O
activator system, originally applied in Gin’s innovative dehydrative glycosylation,[21]
is a more powerful thiophile.
Table 2: DPS/Tf2O promoted glycosidations of thiomannosides 2a/b







































































61 2a 4 11 77 1:3








9 16 70 1:4
11.1 eq. DPS, -60ºC. 21.1 eq. DPS, -78ºC.
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In the first instance, the protocol developed by Gin and coworkers for
dehydrative couplings was used for the activation of phenyl thiomannosazide 2a.
Thus, to a solution of 1.0 eq donor 2a, 2.8 eq of DPS and 3.0 eq TTBP in
dichloromethane at -60ºC was added 1.4 eq of Tf2O. Within 5 min, TLC analysis
indicated complete activation and glycosyl acceptor 4 was added at the same
temperature. Indeed, condensation of 2a with 4 under these conditions led to
disaccharide 11 in 88% yield and : ratio of 1:4 (Entry 1, Table 2), with no
detectable formation of glucal 3 as side product. Using this protocol, acceptors 5, 7, 9
and 10 (Entries 2-5) were condensed uneventfully with 2a to provide disaccharides
12, 14, 16 and 17, respectively. The results of these condensation reactions do not
deviate substantially from those obtained with the BSP activation of 2b. To enable an
unambiguous comparison of the BSP/Tf2O and DPS/Tf2O systems, was treated 2a
with 1.1 eq of the DPS/Tf2O reagent at -60ºC, added 4 and isolated 11 in 77% yield in
a slightly less pronounced -selectivity of 1:3 (Entry 6). The condensation of the same
reactants with 1.1 eq DPS/Tf2O combination at -78ºC afforded disaccharide 11 in
78% yield in a 1:4 : ratio (Entry 7). Finally, application of the DPS/Tf2O activator
combination in the activation of p-methoxyphenylthiomannoside 2b and subsequent
coupling with 9 afforded disaccharide 16 in 70% yield and a 1:4 : ratio (Entry 8).
Conclusion
In summary, it was demonstrated that both disarmed thiomannosides 2a and 2b can be
employed as suitable donors in the stereoselective formation of -linked 2-azido-2-
deoxy-D-mannosides. Thiomannosides 2a and 2b can be smoothly activated and
coupled under the guidance of the highly potent DPS/Tf2O reagent combination.
Alternatively, BSP/Tf2O activation of 2b leads to comparable results, whereas
application of this system in the glycosidation of 2a leads to irreproducible outcomes.
The degree of stereoselectivity in the glycosidation of 2a and 2b seems to be mainly
governed by the stereochemical nature of the acceptor. Condensation of primary
acceptors 4, 5 and 6 led to good -selectivity culminating in the pure -product 13.
Contrary, glycosylation of secondary acceptors reduced the -selectivity and gave in
case of the sterically congested acceptor 8 solely the -product. In the condensation
of the sterically more accessible secondary alcohols 9 and 10, a better -selectivity
was observed.
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Experimental section
General methods: Dichloromethane was refluxed with P2O5 and distilled before use. BSP and TTBP
were synthesised as described by Crich et al.14,22 Trifluoromethanesulfonic anhydride was stirred for 3
hours on P2O5 and subsequently distilled. All other chemicals (Fluka, Acros, Merck, Aldrich, Sigma)
were used as received. Reactions were performed under an inert atmosphere under strictly anhydrous
conditions. Traces of water from reagents used in reactions that require anhydrous conditions were
removed by coevaporation with toluene and dichloroethane. Molecular sieves (3 Å) were flame dried
before use. Column chromatography was performed on Fluka silica gel 60 (0.040-0.063 mm). TLC
analysis was conducted on DC-alufolien (Merck, Kieselgel 60 F254). Compounds were visualised by
UV absorption (254 nm), by spraying with 20% H2SO4 in ethanol or with a solution of
(NH4)6Mo7O24·4H2O 25g/L, followed by charring at ± 140ºC. 1H and 13C NMR spectra were recorded
with a Jeol JNM-FX-200 (200 and 50 MHz), a Bruker DPX 300 (300 and 75 MHz) or a Bruker AV
400 (400 and 100 MHz). NMR spectra were recorded in CDCl3 with chemical shifts () relative to
tetramethylsilane. Mass spectra were recorded on a Finnigan LTQ-FT (Thermo Electron). Optical
rotations were recorded on a Propol automatic polarimeter. IR spectra were recorded on a Shimadzu
FTIR-8300 and are reported in cm-1. Melting points were measured on a Büchi Schmeltzpunkt
Bestimmungs Apparat.
General procedures for glycosylations:
Protocol A: To a stirred mixture of the thioglycoside 2b (0.2 mmol), BSP (0.22 mmol), TTBP (0.44
mmol) and 3Å Ms at -60ºC in DCM (4 mL) was added Tf2O (0.22 mmol). After stirring for 10 min at
this temperature, a solution of the acceptor (0.3 mmol) in DCM (1.5 mL) was added dropwise and the
mixture was allowed to warm to 0ºC after which Et3N (200 L) was added. The mixture was filtered,
washed with sat. aq. NaHCO3 and the organics were dried (MgSO4), filtered and the volatiles were
removed in vacuo. The glycosides were isolated by column chromatography.
Protocol B: To a stirred mixture of thioglycoside 2a (0.2 mmol), DPS (0.56 mmol), TTBP (0.44 mmol)
and 3Å Ms at -60ºC in DCM (4 mL) was added Tf2O (0.56 mmol). After stirring for 10 min at this
temperature, a solution of the acceptor (0.3 mmol) in DCM (1.5 mL) was added dropwise and the
mixture was allowed to warm to 0ºC after which Et3N (200 L) was added. The mixture was filtered,
washed with sat. aq. NaHCO3 and the organics were dried (MgSO4), filtered and the volatiles were
removed in vacuo. The glycosides were isolated by column chromatography.
Protocol C: To a stirred mixture of thioglycoside 2a (0.2 mmol), DPS (0.22 mmol), TTBP (0.44 mmol)
and 3Å Ms at -60ºC in DCM (4 mL) was added Tf2O (0.22 mmol). After stirring for 10 min at this
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temperature, a solution of the acceptor (0.3 mmol) in DCM (1.5 mL) was added dropwise and the
mixture was allowed to warm to 0ºC after which Et3N (200 L) was added. The mixture was filtered,
washed with sat. aq. NaHCO3 and the organics were dried (MgSO4), filtered and the volatiles were
removed in vacuo. The glycosides were isolated by column chromatography.
Protocol D: Identical to protocol C, except that the activation and reaction temperature was -78ºC.
Protocol E: Identical to protocol C, with the exception that instead of donor 2a, donor 2b was used.
1,5-Anhydro-2-azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-D-arabino-hex-
1-enitol (3): To stirred mixture 2a (0.2 mmol), BSP (0.22 mmol) and TTBP
(0.44 mmol) and 3Å Ms at -60ºC in DCM (4 mL) was added Tf2O (0.22 mmol).
After stirring for 10 min, Et3N was added, the reaction mixture was warmed to rT, washed with sat. aq.
NaHCO3 and the organics were dried (MgSO4), filtered and concentrated. Column chromatography
(light petroleum → ethyl acetate/light petroleum, 1:9 v/v) afforded glucal 3 (35 mg, 96 mol, 48%) as
a colourless oil and 2a (26 mg, 54 mol, 27%). 3: Rf 0.80 (ethyl acetate/toluene, 1:6 v/v). []25D +4.9 (c
= 1, CHCl3). IR (thin film): 3080, 3040, 2110, 1925, 1640, 840 cm-1. 1H-NMR:  (ppm) 7.42 (m, 4H, H
arom.), 7.36 (m, 6H, H arom.), 6.43 (d, 1H, J = 1.2 Hz, H-1), 5.61 (s, 1H, -CHPh), 4.93 (d, 1H, J = 10.8
Hz, -CHPh), 4.77 (d, 1H, J = 10.8 Hz, -CHPh), 4.56 (dd, 1H, J = 7.0, 1.2 Hz, H-3), 4.38 (dd, 1H, J =
10.0, 4.8 Hz, H-6), 4.15 (dd, 1H, J = 10.0, 7.0 Hz, H-4), 3.89 (m, 1H, H-5), 3.84 (dd, 1H, J = 10.0, 3.8
Hz, H-6). 13C-NMR:  (ppm) 136.4, 129.2, 129.0, 128.3, 128.2, 127.9, 127.5, 127.1, 126.0, 116.9,




side (11/): Protocol A: 11: yield 30 mg, 36 mol, 18%;
11: yield 121 mg, 146 mol, 73%. Protocol B: 11: yield 29
mg, 35 mol, 18%; 11: yield 116 mg, 140 mol, 70%.
Protocol C: 11: yield 32 mg, 38 mol, 19%; 11: yield 96 mg; 116 mol, 58%. Protocol D: 11:
yield 25 mg, 31 mol, 16%; 11: yield 102 mg, 123 mol, 61%. Protocol E: 11: yield 23 mg, 28
mol, 14%; 11: yield 93 mg, 112 mol, 56%. 11: Colorless oil. Rf 0.67 (ethyl acetate/light
petroleum, 1:3 v/v). []25D +6.6 (c = 0.5, CHCl3).  IR (thin film): 2871, 2104, 1452, 1365,1068, 696
cm-1. 1H-NMR:  (ppm) 7.38-7.24 (m, 25H, H arom.), 5.54 (s, 1H, -CHPh), 5.03-4.59 (m, 8H, -CHPh),
4.55 (d, 1H, J = 3.8 Hz, H-1), 4.27 (dd, 1H, J = 10.5, 5.0 Hz, H-6’), 4.23 (s, 1H, H-1’), 4.08 (t, 1H, J =
8.5 Hz, H-3), 3.83 (m, 2H, H-6, H-4’), 3.81 (t, 1H, J = 10.4 Hz, H-6’), 3.76 (m, 1H, H-5), 3.72 (d, 1H,
J = 2.9 Hz, H-2’), 3.59 (dd, 1H, J = 11.3, 6.1 Hz, H-3’), 3.49 (m, 2H, H-2, H-6), 3.53 (t, 1H, J = 8.6














Glycosidations of Aryl 2-Azido-2-Deoxy-1-Thio-D-Mannosides
53
136.5, 132.2, 129.3, 128.8, 128.7,127.5, 125.9, 125.2, 125.0, 101.5, 99.3 (1JCH = 171.1 Hz), 97.8, 82.0,
79.8, 78.4, 77.4, 75.7, 75.0, 74.9, 74.5, 73.3, 73.2, 67.1, 66.2, 63.9, 62.5, 55.1. ESI-HRMS calcd for
C48H51N3O10 (M+NH4): 847.3918. Found: 847.3904. 11: White foam. Rf 0.55 (ethyl acetate/light
petroleum, 1:3 v/v). []25D +18.6 (c = 0.5, CHCl3). IR (thin film): 2852, 2104, 1452, 1359, 1273, 1028,
696 cm-1. 1H-NMR:  (ppm) 7.37-7.24 (m, 25H, H arom.), 5.55 (s, 1H, -CHPh), 5.03-4.57 (m, 8H,-
CHPh), 4.55 (d, 1H, J = 3.8 Hz, H-1), 4.26 (dd, 1H, J = 10.5, 5.0 Hz, H-6’), 4.18 (s, 1H, H-1’), 4.05 (t,
1H, J = 8.5 Hz, H-3), 3.85 (m, 2H, H-6, H-4’), 3.80 (t, 1H, J = 10.4 Hz, H-6’), 3.75 (m, 1H, H-5), 3.70
(d, 1H, J = 2.9 Hz, H-2’), 3.59 (dd, 1H, J = 11.3, 6.1 Hz, H-3’), 3.49 (m, 2H, H-2, H-6), 3.52 (t, 1H, J =
8.6 Hz, H-4), 3.33 (s, 3H, OCH3), 3.32 (m, 1H, H-5’). 13C-NMR:  (ppm) 138.7, 138.5, 138.1, 137.3,
129.0, 128.6, 128.5, 128.4. 128.3, 128.2, 128.0, 127.9, 127.8, 127.7, 127.6, 126.0, 101.5, 100.3 (1JCH =
160.2 Hz), 97.9, 82.1, 79.9, 78.5, 75.7, 74.6, 73.4, 72.9, 69.5, 68.5, 68.4, 67.3, 63.5, 55.2. ESI-HRMS
calcd for C48H51N3O10 (M+NH4): 847.3918. Found: 847.3882.
Methyl 2,3,4-tri-O-acetyl-6-O-(2-azido-3-O-benzyl-4,6-O-
benzylidene-2-deoxy-D-mannopyranosyl)--D-glucopyrano-
side (12/): Protocol A: 12: yield: 26 mg, 38 mol, 19%;
12: yield: 127 mg, 154 mol, 77%. Protocol B: 12: yield: 31
mg, 37 mol, 18%; 12: 102 mg, 149 mol, 75%. 12:
Colorless oil. Rf 0.48 (ethyl acetate/light petroleum, 1:1 v/v). []25D -1.8 (c = 0.5, CHCl3). IR (thin
film): 2854, 2107, 1438, 1030, 934 cm-1. 1H-NMR:  (ppm) 7.55-7.36 (m, 10H, H arom.), 5.60 (s, 1H, -
CHPh), 5.46 (t, 1H, J = 9.7 Hz, H-3), 5.08 (t, 1H, J = 9.7 Hz, H-4), 4.90 (m, 3H, H-1, H-2, -CHPh),
4.80 (s, 1H, H-1’), 4.74 (d, 1H, J = 8.0 Hz, CHPh), 4.19 (dd, 1H, J = 10.1, 4.5 Hz, H-6’), 4.10 (m, 2H,
H-5, H-6), 3.92 (m, 2H, H-4’, H-6’), 3.81 (t, 1H, J = 10.4 Hz, H-6), 3.78 (m, 2H, H-3’, H-5’), 3.49 (d,
1H, J = 11.3 Hz, H-2’), 3.35 (s, 3H, OCH3), 2.04 (s, 3H, Ac), 2.02, (s, 3H, Ac), 1.98 (s, 3H, Ac). 13C-
NMR:  (ppm) 171.4, 170.8, 139.1, 137.2, 128.9, 128.8.0, 128.3, 128.2, 127.9, 126.3, 125.9, 125.6,
100.8, 99.9 (1JCH = 171.2 Hz), 96.4, 78.2, 76.3, 72.7, 71.1, 70.0, 69.3, 69.0, 67.9, 55.1, 20.7. ESI-
HRMS calcd for C33H39N3O13 (M+Na): 708.2381. Found: 708.2394. 12: White solid. Rf 0.37 (ethyl
acetate/light petroleum, 1:1 v/v). []25D +6.8 (c = 1, CHCl3). IR (thin film): 2856, 2111, 1456, 1221,
1027, 931 cm-1. 1H-NMR:  (ppm) 7.55-7.36 (m, 10H, H arom.), 5.57 (s, 1H, -CHPh), 5.49 (t, 1H, J =
9.8 Hz, H-3), 4.82 (m, 5H, H-4, H-1, H-2, -CHPh), 4.57 (s, 1H, H-1’), 4.29 (dd, 1H, J = 10.4, 4.8 Hz,
H-6’), 4.09 (m, 1H, H-5), 4.08 (dd, 1H, J = 10.0, 3.6 Hz, H-6), 4.00 (t, 1H, J = 10.0 Hz, H-6’), 3.87 (t,
1H, J = 10.2 Hz, H-4’), 3.73 (dd, 1H, J = 10.0, 3.6 Hz, H-6), 3.52 (dd, 1H, J = 10.6, 7.1 Hz, H-3’), 4.43
(d, 1H, J = 7.1 Hz, H-2’), 3.38 (s, 3H, OCH3), 3.34 (m, 1H, H-5’), 2.05 (s, 3H, Ac), 2.03 (s, 3H, Ac),
1.99 (s, 3H, Ac). 13C-NMR:  (ppm) 170.1, 169.9, 169.6, 137.7, 137.2, 129.1, 129.0, 128.5, 128.2,
127.7, 125.9, 125.3, 125.2, 101.5, 100.7 (1JCH = 160.1 Hz), 96.6, 78.3, 76.0, 72.9, 70.8, 69.9, 68.8,














di-O-benzoyl-phytosphingosine (13): Protocol A:
yield: 147 mg, 160 mol, 80%. Colorless oil. Rf 0.66
(ethyl acetate/light petroleum, 1:9 v/v). []25D -33.2 (c = 0.5, CHCl3). IR (thin film): 2910, 2114, 1724,
1263, 1095, 731, 702 cm-1. 1H-NMR:  (ppm) 8.06 (m, 4H, H arom.), 7.28 (m, 16H, H arom.), 5.62 (m,
2H, H-3, H-4), 5.55 (s, 1H, -CHPh), 4.83 (d, 1H, J = 12.4 Hz, -CHPh), 4.70 (d, 1H, J = 12.4 Hz, -
CHPh), 4.56 (s, 1H, H-1’), 4.24 (d, 1H, J = 2.2 Hz, H-2’), 4.16 (m, 4H, 2x H-1, H-3’, H-2), 3.93 (m,
3H, 2x H-6, H-4), 3.28 (m, 1H, H-5’), 1.87 (t, 2H, J = 6.6 Hz, 2x H-5), 1.23 (m, 22H, -CH2-), 0.87 (t,
3H, J = 5.8 Hz, -CH3). 13C-NMR:  (ppm) 165.7, 165.0, 138.2, 133.4, 133.2, 129.2, 129.0, 128.9,
128.7, 127.6, 101.4, 99.7 (1JCH = 158.0 Hz), 78.2, 76.1, 72.1, 72.6, 68.9, 68.1, 67.2, 62.0, 60.9, 60.2,




anose (14/): Protocol A: 14: yield: 37 mg, 59 mol, 29%;
14: 74mg, 119 mol 60%. Protocol B: 14: yield: 38 mg, 61
mol, 31%; 14: 76 mg, 121 mol, 60%. 14: Colorless oil. Rf
0.56 (ethyl acetate/light petroleum, 1:1 v/v). []25D +14.0 (c = 1,
CHCl3). IR (thin film): 2912, 2106, 1589, 1229, 1016, 698 cm-1.
1H-NMR:  (ppm) 7.46-7.31 (m, 10H, H arom.), 5.86 (d, 1H, J = 3.8 Hz, H-1), 5.64 (s, 1H, -CHPh),
5.07 (s, 1H, H-1’), 4,89 (d, 1H, J = 10.2 Hz, -CHPh), 4.74 (d, 1H, J = 10.2 Hz, -CHPh), 4.54 (d, 1H, J
= 3.8 Hz, H-2), 4,41 (m, 1H, H-5), 4.38 (m, 2H, H-4, H-3), 4.33 (dd, 1H, J = 10.2, 4.5 Hz, H-6’), 4.18
(t, 1H, J = 6.4 Hz, H-6), 4.09 (m, 5H, H-4’, H-6, H-2’, H-6’, H-5’), 3.82 (dd, 1H, J = 9.5, 3.8 Hz, H-
3’), 1.49 (s, 3H, -CH3), 1.46 (s, 3H, -CH3), 1.39 (s, 3H, -CH3), 1.31 (s, 3H, -CH3). 13C-NMR:  (ppm)
137.8, 137.0, 129.0, 128.5, 128.4, 128.0, 127.8, 126.2, 112.1, 108.4, 105.2, 100.6, 98.0 (1JCH = 170.9
Hz), 82.4, 80.6, 80.2, 78.4, 76.4, 73.2, 73.2, 68.6, 67.7, 66.3, 63.5, 26.7, 26.5, 26.3, 25.5. ESI-HRMS
calcd for C32H39N3O10 (M+NH4): 643.2979. Found: 643.3008. Found: 14: Colorless oil. Rf 0.45 (ethyl
acetate/light petroleum, 1:1 v/v). []25D -107.8 (c = 1, CHCl3). IR (thin film): 2918, 2108, 1456, 1375,
1265, 1084, 731 cm-1. 1H-NMR:  (ppm) 7.50-7.33 (m, 10H, H arom.), 5.94 (d, 1H, J = 3.8 Hz, H-1),
5.59 (s, 1H, -CHPh), 4.91 (d, 1H, J = 10.2 Hz, -CHPh), 4.73 (d, 1H, J = 10.2 Hz, -CHPh), 4.68 (d, 1H,
J = 1.0 Hz, H-1’), 4.50 (d, 1H, J = 3.8 Hz, H-2), 4,37 (m, 1H, H-5), 4.33 (m, 2H, H-4, H-3), 4.27 (dd,
1H, J = 10.2, 4.5 Hz, H-6’), 4.18 (t, 1H, J = 6.4 Hz, H-6), 4.07 (m, 2H, H-4’, H-6), 3,90 (d, 1H, J = 3.5
Hz, H-2’), 3.86 (t, 1H, J = 10.2 Hz, H-6’), 3.77 (dd, 1H, J = 9.5, 3.8 Hz, H-3’), 3.33 (m, 1H, H-5’),
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137.7, 137.1, 129.0, 128.5, 128.3, 127.9, 127.7, 126.0, 112.0, 108.6, 105.0, 101.5, 98.1 (1JCH = 159.8
Hz), 82.6, 80.4, 80.3, 78.4, 76.4, 73.1, 73.0, 68.3, 67.5, 66.0, 63.5, 26.7, 26.5, 26.3, 25.5. ESI-HRMS
calcd for C32H39N3O10 (M+NH4): 643.2979. Found: 643.3058.
tert-Butyldimethylsilyl 2-azido-4-O-(2-azido-3-O-benzyl-
4,6-O-benzylidene-2-deoxy--D-mannopyranosyl)-3,6-di-
O-benzyl-2-deoxy--D-glucopyranoside (15): Protocol A:
yield: 114 mg, 130 mol, 66%. Colorless oil. Rf 0.61 (ethyl
acetate/light petroleum, 1:9 v/v). []25D -9.8 (c = 1, CHCl3).
IR (thin film): 2928, 2856, 2110, 2106, 1497, 1454, 1253, 1064 cm-1. 1H-NMR:  (ppm) 7.48 (m, 5H,
H arom.), 7.37 (m, 15H, H arom.), 5.58 (s, 1H, -CHPh), 5.15 (s, 1H, H-1’), 4.99 (d, 1H, -CHPh, J =
11.2 Hz), 4.78 (d, 1H, -CHPh, J = 11.2 Hz), 4.56 (m, 4H, -CHPh), 4.53 (d, 1H, H-1, J = 8.8 Hz), 4.08
(m, 2H, H-4’, H-6’), 3.96 (dd, 1H, H-3’, J = 9.6, 3.7 Hz), 3.76 (m, 3H, H-5’, H-4, H-3), 3.72 (d, 1H, H-
2’, J = 3.7 Hz), 3.65 (d, 2H, J = 3.0 Hz, 2x H-6), 3.36 (m, 3H, H-5, H-2, H-6’), 0.95 (s, 9H, -CH3 tBu),
0.17 (s, 3H, Si-CH3), 0.16 (s, 3H, Si-CH3). 13C-NMR:  (ppm) 138.0, 137.4, 129.3, 129.0, 128.9, 128.7,
128.5, 128.4, 128.3, 128.2, 128.1, 127.7, 127.5, 127.5, 127.4, 126.0, 101.5, 100.6 (1JCH = 171.2 Hz),
97.2, 82.6, 78.9, 75.8, 75.6, 74.8, 74.4, 73.6, 73.2, 68.9, 68.6, 68.5, 64.7, 62.7, 25.6, 17.9, -4.3, -5.2.
ESI-HRMS calcd for C46H56N6O9Si (M+NH4): 882.4222. Found: 882.4181.
2-Azido-3-O-benzyl-4-O-(2-azido-3-O-benzyl-4,6-O-benzylidene-
2-deoxy--D-mannopyranosyl)-2-deoxy--D-anhydroglucose
(16/): Protocol A: 16: yield: 19 mg, 30 mol, 15%; 16: yield:
78 mg, 120 mol, 60%. Protocol B: 16: yield: 15 mg, 24 mol,
12%; 16: yield 77 mg, 116 mol, 58%. 16: White foam. Rf 0.53 (ethyl acetate/light petroleum, 1:4
v/v). []25D +2.4 (c = 1, CHCl3). IR (thin film): 2926, 2156, 2104, 1265, 1139, 1026 cm-1.  1H-NMR: 
(ppm) 7.40 (m, 2H, H arom.), 7.29 (m, 13H, H arom.), 5.62 (s, 1H, -CHPh), 5.55 (s, 1H, H-1), 4.83 (d,
1H, 12.0 Hz, -CHPh), 4.69 (m, 3H, H-1’, -CHPh), 4.61 (d, 1H, J = 5.2 Hz, H-5), 4.53 (d, 1H, J = 12.0
Hz, -CHPh), 4.21 (m, 2H, H-6’, H-3), 4.12 (m, 2H, H-6, H-4’), 3.98 (dd, 1H, J = 3.6, 1.2 Hz, H-2’),
3.88 (m, 2H, H-5’, H-6’), 3.77 (dd, 1H, J = 7.6, 6.0 Hz, H-6), 3.60 (s, H-4), 3.57 (t, 1H, J = 1.6 Hz, H-
3), 3.16 (s, 1H, H-2). 13C-NMR:  (ppm) 138.4, 137.5, 137.3, 129.9, 129.0, 128.7, 128.38, 128.4,
128.2, 127.8, 127.7, 127.5, 101.7, 100.6, 96.9 (1JCH = 169.4 Hz), 78.8, 77.3, 75.9, 75.2, 74.4, 73.40,
72.5, 68.5, 65.2, 64.7, 62.6, 58.8. ESI-HRMS calcd for C33H34N6O8 (M+NH4): 660.2782. Found:
660.2779. 16: White foam. Rf 0.32 (ethyl acetate/light petroleum, 1:4 v/v). []25D -26.4 (c = 1,
CHCl3). IR (thin film): 2872, 2108, 2104, 1456, 1265, 1085 cm-1. 1H-NMR:  (ppm) 7.41 (m, 2H, H
arom.), 7.29 (m, 13H, H arom.), 5.52 (s, 1H, -CHPh), 5.46 (s, 1H, H-1), 4.78 (d, 1H, J = 12.4 Hz, -























2H, -CHPh), 4.18 (dd, 1H, J = 10.4, 4.8 Hz, H-6’), 4.05 (m, 2H, H-6, H-2’), 3.98 (t, 1H, J = 9.4 Hz, H-
4’), 3.86 (s, 1H, H-4), 3.83 (t, 1H, J = 10.2 Hz, H-6’), 3.75 (m, 2H, H-3, H-6), 3.65 (dd, J = 9.6, 3.6 Hz,
H-3’), 3.23 (m, 1H, H-5’), 3.12 (s, 1H, H-2). 13C-NMR:  (ppm) 138.1, 137.5, 137.2, 129.0, 128.2,
127.9, 127.9, 127.7, 127.5, 125.9, 101.6, 100.9, 99.0 (1JCH = 159.3 Hz), 78.3, 77.7, 76.0, 73.0, 72.7,





(17/): Protocol B: 17: yield: 25 mg, 30 mol, 14%.
17: yield: 102 mg, 118 mol, 60%. 17: Colorless oil.
Rf 0.71 (ethyl acetate/light petroleum, 1:3 v/v). []25D +6.2 (c = 1, CHCl3). IR (thin film): 2985, 2976,
2076, 1746, 1381, 1247, 1076, 1043 cm-1. 1H-NMR:  (ppm) 7.61 (m, 4H, H arom.), 7.38 (m, 16H, H
arom.), 5.60 (s, 1H, -CHPh), 5.40 (d, 1H, J = 1.6 Hz, H-4), 5.03 (s, 1H, H-1’), 4.89 (d, 1H, J = 12.4 Hz,
-CHPh), 4.72 (d, 1H, J = 12.4 Hz, -CHPh), 4.23 (dd, 1H, J = 10.2, 4.8 Hz, H-6’), 4.18 (d, 1H, 7.6 Hz,
H-1), 4.10 (t, 1H, J = 9.2 Hz, H-4’), 4.00 (m, 3H, H-2’, H-6’, H-3’), 3.81 (m, 2H, H-6, H-3), 3.74 (m,
1H, H-5’), 3.66 (t, 1H, J = 6.8 Hz, H-6), 3.62 (m, 1H, H-5), 3.56 (m, 4H, OCH3, H-2), 1.93 (s, 3H, Ac),
1.05 (s, 9H, -CH3 tBu). 13C-NMR:  (ppm) 169.3, 138.3, 138.1, 135.5, 133.1, 132.9, 129.9, 129.8,
129.4, 128.2, 128.1, 127.8, 127.7, 127.6, 127.5, 103.3, 101.7, 100.8 (1JCH = 170.9 Hz), 78.9, 75.9, 75.0,
73.9, 73.4, 73.3, 68.4, 68.0, 64.6, 63.3, 62.7, 61.5, 57.2, 26.7, 20.5, 19.1. ESI-HRMS calcd for
C45H52N6O10Si (M+NH4): 882.3852. Found: 882.3879. 17: White foam. Rf 0.51 (ethyl acetate/light
petroleum, 1:3 v/v). []25D -44.2 (c = 1, CHCl3); IR (thin film): 2986, 2976, 2078, 1746, 1380, 1247,
1074, 1047 cm-1. 1H-NMR:  (ppm) 7.63 (m, 4H, H arom.), 7.39 (m, 16H, H arom.), 5.63 (s, 1H, -
CHPh), 5.48 (d, 1H, J = 3.2 Hz, H-4), 4.89 (d, 1H, J = 12.0 Hz, -CHPh), 4.84 (d, 1H, J = 1.2 Hz, H-1’),
4.75 (d, 1H, J = 12.0 Hz, -CHPh), 4.34 (dd, 1H, J = 10.8, 5.2 Hz, H-6’), 4.16 (d, 1H, J = 8.0 Hz, H-1),
4.02 (t, 1H, J = 9.6 Hz, H-4’), 3.92 (m, 2H, H-2’, H-6’), 3.81 (m, 3H, H-3, H-6, H-3’), 3.69 (t, 1H, 8.0
Hz, H-6), 3.65 (m, 1H, H-5), 3.55 (m, 4H, OCH3, H-2), 3.38 (m, 1H, H-5’), 2.10 (s, 3H, Ac), 1.05 (s,
9H, -CH3 tBu). 13C-NMR:  (ppm) 170.6, 137.8, 137.2, 135.5, 135.4, 132.8, 132.5, 129.9, 129.8, 129.0,
128.9, 128.4, 128.2, 102.8, 101.5, 97.4 (1JCH = 159.0 Hz), 78.1, 76.5, 75.8, 72.9, 72.8, 68.3, 67.4, 64.8,
63.0, 61.8, 61.1, 57.2, 26.7, 20.7, 19.0. ESI-HRMS calcd for C45H52N6O10Si (M+NH4): 882.3852.
Found: 882.3867.
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An Expedient Synthesis of the Repeating
Unit of the Acidic Polysaccharide of the
Bacteriolytic Complex of Lysoamidase
R. E. J. N. Litjens, R. den Heeten, M. S. M. Timmer, H. S. Overkleeft, G. A. van der
Marel, Chem. Eur. J. 2005, 11, 1010.
Abstract: The first synthesis of the trisaccharide repeating unit of the acidic
polysaccharide of the bacteriolytic complex of lysoamidase is presented. The
construction is based on a linear glycosylation strategy starting from the reducing end,
employing thio- and selenoglycosides in a highly stereoselective manner by a single
set of activation conditions. The thus formed trisaccharide is selectively deprotected




Lysoamidase is a bacteriolytic complex isolated from bacteria of the genus
Xanthomonas and contains, next to several proteins, a high molecular mass (1300
kDa) acidic polysaccharide.[1] This glycan is build up from repeating trisaccharide
units comprised of an N-acetyl-D-glucosamine (14) linked to N-acetyl-D-
mannosaminuronic acid which in turn is (13) linked to 4-O-acetyl-N-acetyl-L-
galactosaminuronic acid. The trisaccharide repeats are connected through an (13)
linkage (Figure 1).[2]
Figure 1: Structure of the acidic polysaccharide in lysoamidase.
The ability of lysoamidase to combat external infectious diseases caused by
Gram-positive bacteria is based on the presence of several hydrolytic activities in the
complex, including glycyl-glycine endopeptidase, N-acetylmuramyl-L-alanine
amidase and an endoacetylglycosidase which cleaves N-acetylglucosaminyl-N-
acetylmuramic acid linkages.[3,4,5] In the few reports discussing the biological activity
of lysoamidase, several functions of the acidic polysaccharide are indicated.
Interaction of the hydrolytic enzymes with the polysaccharide appears to be required
to attain a stable bacteriolytic complex. Furthermore, interaction with the glycan
influences the kinetic parameters of the enzymes with respect to their action on
specific substrates.[6] The interesting biological properties aside, the synthesis of
substructures of the lysoamidase polysaccharide itself represents a scientific
challenge. Indeed, to date, there are no literature precedents describing the chemical
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Results and discussion
Inspection of the repeating unit 1 (Scheme 1) reveals a number of synthetic
hurdles. These include the presence of the rare L-aminogalacturonic acid residue and
the -linkage connecting the galactosaminuronic and mannosaminuronic acid
residues. A further complication is the presence of the 4-O-acetate in the
trisaccharide, which excludes any basic O-deprotection at the end of the synthetic
sequence.
Scheme 1: Retrosynthetic analysis of the repeating unit of lysoamidase
polysaccharide.
In devising a synthetic route for the preparation of uronic acid containing
oligosaccharides, two general strategies are usually considered. The first - and most
applied - strategy entails the construction of orthogonally protected oligosaccharides,
followed by liberation and oxidation of those primary alcohol functions occupying
carboxylate positions in the ultimate acidic oligosaccharide.[7] In the second strategy,
suitably protected monosaccharide and uronic acid building blocks are prepared from


















































the presence of the acetate in the target compound precludes the use of a number of
carboxylate protecting groups, a synthetic route following the first general strategy
was elected. Retrosynthetically, it follows that target compound 1 can be prepared
from orthogonally protected trimer 2 after a deprotection-oxidation-deprotection
sequence. Precursor trimer 2 in turn is assembled through a linear condensation
procedure using orthogonally protected monosaccharide building blocks 3, 4 and 5.
Key in the synthetic strategy is the recent finding (see Chapter 2) that p-
methoxyphenyl 2-azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-1-thio--D-manno-
pyranoside 4[9,10] is a suitable donor to attain -selective condensations using
S-(4-methoxyphenyl)benzenethiosulfinate/trifluoromethanesulfonic anhydride
(MPBT/Tf2O) or the more powerful benzenesulfinyl piperidine (BSP)/Tf2O sulfonium
activator systems, developed by Crich and coworkers.[11,12]
The construction of target trimer 1 commences with the synthesis of the
monomeric building blocks 3, 4, and 5. Phenyl 2-phthalimido-3-O-benzyl-4,6-O-
benzylidene-1-thio--D-glucopyranoside 3[13] and p-methoxyphenyl 2-azido-2-deoxy-
1-thio--D-mannopyranoside 4[9] were prepared following well established literature
procedures. For the preparation of L-galactosamine acceptor 5, the following efficient
12 step synthetic route was developed (Scheme 2).
Scheme 2
Reagents and conditions: i. TMSCl, imidazole, pyr.; ii. DIBAL-H, Et2O, -78ºC; iii. 80% HOAc/H2O;
iv. Ac2O, HClO4 (cat.), 84% over four steps; v. 37% HBr in AcOH; vi. Zn, CuSO4, NaOAc, HOAc,
H2O, DCM, 92% over 2 steps; vii. PhSeSePh, NaN3, bisacetoxyiodobenzene (BAIB), DCM, 61%; viii.
BSP/Tf2O, tri-tbutylpyrimidine (TTBP), DCM, -60ºC, 5 min, then MeOH, 92%; ix. KOtBu (cat.),
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Silylation of the free hydroxyls in the commercially available L-galactono-1,4-
lactone (6)[14] (trimethylsilylchloride, imidazole, pyridine) was followed by low
temperature (-78ºC) DIBAL-H reduction to furnish the corresponding silylated lactol.
Subsequent desilylation and ensuing acid catalysed acetylation afforded known[15]
1,2,3,4,6-penta-O-acetyl-,-L-galactose 7 in 84% yield over the four steps. At this
stage the amine functionality was introduced by the following sequence of reactions.
The anomeric acetate in compound 7 was substituted with a bromide by HBr/AcOH
treatment. Ensuing reduction with Zn/CuSO4 gave tri-O-acetyl-L-galactal 8 in 92%
yield over two steps. Azido-phenylselenylation[16] of the enol ether in 8 afforded the
crystalline 2-azido-2-deoxy--L-selenogalactoside 9 in 61% yield.[17]
Selenogalactoside 9 was condensed with MeOH under the influence of BSP/Tf2O to
give methyl 2-azido-2-deoxy--L-galactoside 10 in 91% yield. Interestingly, while 4-
O-acyl functions in galactopyranosides have been shown to be -directing,
presumably via remote neighbouring group participation,[18] it was found that only the
-methylgalactoside was formed. It should be noted that this stereochemical outcome
is in line with earlier reported unusual stereoselectivity in glycosylations employing
MeOH as acceptor.[19] Continuing the synthetic scheme, the acetyl groups in 10 were
removed and the TBDPS group was selectively installed on the primary hydroxyl
function. The thus obtained diol was treated with trimethyl orthoacetate and the
resulting ortho-ester was opened regiospecifically under acidic conditions to afford
the desired acceptor 5 in an overall yield of 13% over the 12 steps.
With the desired building blocks 3, 4 and 5 in hand, their connection was
undertaken by the application of appropriate glycosylation protocols (Scheme 3). In
the first instance, attention was focused on the stereoselective introduction of the -
mannosaminic linkage. Based on the recent findings concerning the -selective
coupling of mannosazides, the BSP/Tf2O protocol was elected to effect condensation
of mannosazide donor 4 and L-galactosazide acceptor 5.[10,20] The expected dimer 11
was isolated in good yield (76%) with a satisfactory : ratio of 1:4.5. The anomeric
configuration of the formed glycosidic bonds was firmly established by 13C-gated
NMR experiments on the chromatographically separated anomers (1JCH, = 170.9 Hz,
1JCH, = 159.0 Hz).[21] To enable the next glycosylation event the benzylidene acetal in
11 was removed with catalytic camphor sulfonic acid (CSA) in MeOH to give diol
12 (62%), the primary hydroxyl of which was selectively silylated with tert-
butyldimethylsilylchloride (TBSCl) to give disaccharide 13 in 72% yield. BSP/Tf2O
mediated activation of thiodonor 3 and addition of dimer 13 at low temperature
furnished the fully protected trisaccharide 2, with the expected -configuration[22] of




Reagents and conditions: i. BSP/Tf2O, TTBP, -60ºC, 10 min, then 5 in DCM, 76%, : = 1:4.5; ii.
CSA (cat.), MeOH, 62%; iii. TBSCl, imidazole (cat.), pyr., 72%; iv. 3, BSP/Tf2O, TTBP, -60ºC, DCM,
71%; v. EDA, nBuOH, 90ºC; vi. Ac2O, pyr., 88% over 2 steps; vii. Me3P, THF/H2O; viii. Ac2O, pyr.,
50% over 2 steps; ix. HF.pyr., THF, 75%; x. TEMPO (cat.), NaOCl, KBr, nBu4NBr, NaHCO3, NaCl,
DCM, H2O, xi. 10 mol% Pd/C, H2, HCl, tBuOH/H2O, 37% over 2 steps.
Now the stage was set for the completing deprotection-oxidation-deprotection
sequence. First, the phthaloyl group in 2 was removed with ethylenediamine (EDA)
under anhydrous conditions. Acetylation afforded 14 in 88% over the 2 steps.
Subsequently, the conversion of the two azide moieties in 14 into the N-acetates was
undertaken. Reaction of 14 with thiolacetic acid (AcSH) in pyridine afforded 15 in a














































































12: R'  = H
13: R' = TBS
4
BSP: R = 1-piperidino
11
14: X = N3, R' = TBS, R'' = TBDPS
15: X = NHAc, R' = TBS, R'' = TBDPS
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followed by acetylation of the generated free amines, afforded 15 in a slightly
improved yield (50%). Subsequent cleavage of the silyl groups with hydrogen
fluoride/pyridine complex proceeded without acetyl migration, furnishing diol 16 in
75% yield. Finally, the liberated hydroxyl groups in 16 were transformed into the
corresponding carboxylic acids using TEMPO/NaOCl oxidation conditions, and the
benzylidene and benzyl functions were removed by hydrogenolysis to give the desired
acidic trisaccharide 1 in 37% yield.
Conclusion
In conclusion, the first synthesis of an unprotected repeating trisaccharide unit of the
acidic polysaccharide from the bacteriolytic complex lysoamidase has been
accomplished in an efficient and highly stereoselective manner. The synthetic trimer,
as is the case with the naturally occurring repeating unit, is provided with a 4-O-acetyl
substituent on the L-galactosaminuronic acid residue. The synthetic approach to the
trisaccharide 1 described here is a firm asset for future syntheses of longer fragments
of the acidic polysaccharide component of the antibiotic agent lysoamidase,
ultimately enabling an in-depth study of the interaction of the lysoamidase enzymes
with well defined parts of the glycan.
Experimental Section
General methods: Dichloromethane was refluxed with P2O5 and distilled before use. BSP12 and
TTBP23 were synthesised as described by Crich et al. Trifluoromethanesulfonic anhydride (Aldrich)
was stirred for 3 hours on P2O5 and subsequently distilled. All other chemicals (Fluka, Acros, Merck,
Aldrich, Sigma) were used as received. Reactions were performed under an inert atmosphere, under
strictly anhydrous conditions. Traces of water from reagents used in reactions that require anhydrous
conditions were removed by coevaporation with toluene or dichloroethane. Molecular sieves (3Å) were
flame dried before use. Column chromatography was performed on Merck silica gel 60 (0.040-0.063
mm). TLC analysis was conducted on DC-fertigfolien (Schleicher & Schuell, F1500, LS254) or
HPTLC aluminum sheets (Merck, silica gel 60, F254). Compounds were visualised by UV absorption
(254 nm), by spraying with 20% H2SO4 in ethanol, with a solution of ninhydrin 0.4 g in EtOH (100
mL) containing acetic acid (3 mL) or with a solution of (NH4)6Mo7O24·4H2O 25g/L, followed by
charring at ± 140ºC. 1H and 13C NMR spectra were recorded with a Jeol JNM-FX-200 (200 and 50
MHz), a Bruker DPX 300 (300 and 75 MHz), a Bruker AV 400 (400 and 100 MHz) or a Bruker DMX
600 (600 and 125 MHz). NMR spectra were recorded in CDCl3 with chemical shifts () relative to
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tetramethylsilane unless stated otherwise. Mass spectra were recorded on a PE/SCIEX API 165
equipped with an Electrospray Interface (Perkin-Elmer) or an LTQ-FT (Thermo Electron). Optical
rotations were recorded on a Propol automatic polarimeter. IR spectra were recorded on a Shimadzu
FTIR-8300 and are reported in cm-1. Melting points were measured on a Büchi Schmeltzpunkt
Bestimmungs Apparat.
Phenyl 3-O-benzyl-4,6-O-benzylidene-2-deoxy-2-phtalimido-1-thio- -D-
glucopyranoside (3): 1H-NMR:  (ppm) 7.39 (m, 10H, H arom.), 6.87 (m,
4H, H arom.), 5.69 (d, 1H, J = 10.4 Hz, H-1), 5.59 (s, 1H, -CHPh), 4.75 (d,
1H, -CHPh, J = 12.4 Hz), 4.47 (d, 1H, -CHPh, J = 12.4 Hz), 4.41 (m, 2H, H-2, H-6), 4.29 (t, 1H, J =
10.0 Hz, H-3), 3.79 (m, 2H, H-4, H-6), 3.66 (m, 2H, H-5). 13C-NMR:  (ppm) 167.7, 167.2, 140.9,
137.5, 137.2, 133.9, 132.6, 131.5, 128.9, 128.8, 128.4, 128.2, 128.1, 128.0, 127.9, 127.5, 127.4, 126.9,
126.0, 123.3, 101.2, 84.0, 82.6, 75.3, 70.2, 86.5, 65.1, 54.6. ESI-MS (M+Na): 602.2.
3,4,6-Tri-O-acetyl-L-galactal (8): Compound 7 (4.86 g, 12.5 mmol) was dissolved
in DCE (50 mL) and HBr (18.5 mL, 37% in AcOH) was added. The reaction vessel
was tightly stoppered and stirred for 3h at 0ºC upon which the mixture was
concentrated and co-concentrated with toluene (3x) and Et2O (3x). The resulting oil was dissolved in
DCM and slowly added to a mixture of CuSO4 (0.89 g, 5.6 mmol), NaOAc (12.26 g, 149.5 mmol),
AcOH (20 mL) and Zn dust (9.77 g, 149.5 mmol) in H2O (20 mL). After vigorous stirring for 3h at –
10ºC, TLC analysis (ethyl acetate) showed the reaction was complete. The mixture was filtered over
Hyflo, extracted with DCM (3x) and the combined organic extracts were washed with sat. aq.
NaHCO3. The organic layer was dried (MgSO4), filtered and concentrated. Purification by column
chromatography afforded galactal 8 (3.12 g, 11.4 mmol, 92%) as a colorless oil. []25D +17.3 (c = 1.0,
CHCl3). IR (thin film): 1743, 1652, 1430, 1223, 1038. 1H-NMR:  (ppm) 6.47 (dd, 1H, J = 6.2, 1.8 Hz,
H-1), 5.56 (m, 1H, H-4), 5.43 (m, 1H, H-2), 4.74 (m, 1H, H-3), 4.24 (m, 3H, H-3, 2x H-6), 2.13 (s, 3H,
Ac), 2.11 (s, 3H, Ac), 2.03 (s, 3H, Ac). 13C-NMR:  (ppm) 170.1, 169.9, 169.4, 145.0, 98.6, 72.5, 63.6,
63.4, 61.6, 20.4. ESI-HRMS calcd for C12H16O7: 290.1234. Found: 290.1234.
Phenyl 3,4,6-tri-O-acetyl-2-azido-2-deoxy-1-seleno--L-galactopyranoside
(9): Galactal 8 (1.63 g, 6.0 mmol) was dissolved in DCM (150 mL). Diphenyl
diselenide (3.30 g, 10.5 mmol), NaN3 (1.35 g, 21.0 mmol) and
bisacetoxyiodobenzene (BAIB) (4.2 g, 13.2 mmol) were added. After 18h, TLC
analysis (ethyl acetate/light petroleum 1/2 v/v) showed complete consumption of the starting
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aqueous phase extracted with DCM (2x). The combined organics were dried (MgSO4), filtered and
concentrated. Column chromatography (ethyl acetate/light petroleum 1/20  1/6 v/v) afforded a
mixture of products with the similar Rf (0.54 ethyl acetate/light petroleum 1/2 v/v). The pure title
compound 9 (1.72 g, 3.66 mmol, 61%) could be obtained by crystallization from ethyl acetate/light
petroleum to give ivory crystals. mp: 163ºC. []25D -25.4 (c = 0.1, CHCl3). IR (thin film): 2120, 1750,
1351, 1220 cm-1. 1H-NMR:  (ppm) 7.60 (m, 3H, H arom.), 7.30 (m, 2H, H arom.), 6.01 (d, 1H, J = 4.9
Hz, H-1), 5.47 (d, 1H, J = 2.8 Hz, H-4), 5.12 (dd, 1H, J = 11.0, 2.8 Hz, H-3), 4.67 (t, 1H, J = 6.2 Hz,
H-5), 4.27 (dd, 1H, J = 11.0, 4.9 Hz, H-2), 4.05 (m, 2H, 2x H-6), 2.16 (s, 3H, Ac), 2.07 (s, 3H, Ac),
1.98 (s, 3H, Ac). 13C-NMR:  (ppm) 169.7, 169.4, 168.9, 134.3, 132.6, 131.8, 127.6, 83.5, 70.6, 68.5,
66.7, 61.1, 58.1, 20.0. ESI-HRMS calcd for C18H21N3O7Se (M+NH4): 489.0883. Found: 489.0881.
Methyl 3,4,6-tri-O-acetyl-2-azido-2-deoxy--L-galactopyranoside (10): To a
solution of 9 (1.40 g, 3.0 mmol), BSP (690 mg, 3.3 mmol) and TTBP (1.49 g,
6.0 mmol) in DCM (50 mL) containing 3Å Ms (± 500 mg) at -60ºC was added
Tf2O (555 L, 3.3 mmol). The mixture was stirred for 10 min at this temperature upon which MeOH
(1.2 mL, 30 mmol) was added. The mixture was allowed to warm to rT gradually followed by addition
of Et3N (2 mL). After filtration, the organic phase was washed with sat. aq. NaHCO3, dried (MgSO4),
filtered, concentrated in vacuo and applied on a silica gel column (ethyl acetate/light petroleum 1/20 
1/4 v/v) to give the title compound 10 (600 mg, 2.74 mmol, 91%) as pure -isomer. []25D +6.1 (c = 1,
CHCl3). IR (thin film): 2976, 2110, 1675, 1250, 1045. 1H-NMR:  (ppm) 5.34 (d, 1H, J = 3.3 Hz, H-4),
4.80 (dd, 1H, J = 10.6, 3.3 Hz, H-3), 4.28 (d, 1H, J = 8.0 Hz, H-1), 4.15 (m, 2H, 2x H-6), 3.85 (t, 1H, J
= 6.8 Hz, H-5), 3.67 (dd, 1H, J = 10.6, 8.0 Hz, H-2), 3.61 (s, 3H, OCH3), 2.15 (s, 3H, Ac), 2.06 (s, 3H,
Ac), 2.05 (s, 3H, Ac). 13C-NMR:  (ppm) 169.9, 169.7, 169.5, 103.0, 71.0, 70.5, 66.3, 60.8, 60.7, 57.3,
20.5. ESI-HRMS calcd for C13H19N3O8 (M+H): 346.1245. Found: 346.1243.
Methyl 4-O-acetyl-2-azido-6-O-tert-butyldiphenylsilyl-2-deoxy-
-L-galactopyranoside (5): Compound 10 (600 mg, 2.74 mmol)
was dissolved in MeOH and KOtBu (cat.) was added. After stirring
for 1h, the reaction mixture was neutralized by addition of Dowex-H+, filtered and concentrated under
reduced pressure. The resulting oil was dissolved in pyridine (15 mL) and TBDPSCl (784 L, 3.01
mmol) was added. After TLC analysis showed full consumption of the starting material (4h), MeOH
was added and the mixture was concentrated in vacuo. The resulting oil was taken up in ethyl acetate,
washed with brine and the organic layer was dried (MgSO4), filtered and concentrated. Column
chromatography of the residue gave the intermediate cis-diol (1.00 g, 2.19 mmol, 80% over 2 steps) as
a colorless oil. []25D -11.1 (c = 1, CHCl3). 1H-NMR:  (ppm) 7.70 (m, 4H, H arom.), 7.47 (m, 6H, H












OCH3), 3.53 (t, 1H, J = 8.8 Hz, H-2), 3.45 (m, 2H, H-3, H-5), 1.07 (s, 9H, -CH3  tBu). 13C-NMR: 
(ppm) 135.9, 132.8, 132.6, 127.8, 103.1, 73.8, 72.6, 68.6, 64.3, 63.3, 56.9, 22.7, 19.1. ESI-HRMS calcd
for C23H31N3O5Si (M+H): 458.2106. Found: 458.2126.  The diol was dissolved in DMF (7 mL) and
trimethyl orthoacetate (640 L, 3.29 mmol) and CSA (cat.) were added. After stirring for 1h, the
mixture was neutralized with Et3N, taken up in Et2O and washed with brine. The organic layer was
dried (MgSO4), filtered and concentrated. The resulting oil was dissolved in AcOH/H2O (20 mL, 4/1
v/v) and allowed to react for 15 min. The mixture was concentrated under reduced pressure after which
column chromatography (ethyl acetate/light petroleum 1/20  1/8) afforded 5 (943 mg, 1.89 mmol,
86% over 2 steps) as a colorless syrup. []25D -23.4 (c = 1, CHCl3). IR (thin film): 2980, 2077, 1746,
1381, 1247, 1043. 1H-NMR:  (ppm) 7.64 (m, 4H, H arom.), 7.37 (m, 6H, H arom.), 5.43 (d, 1H, J =
3.3 Hz, H-4), 4.19 (d, 1H, J = 8.0 Hz, H-1), 3.76 (m, 1H, H-5), 3.70 (m, 3H, H-3, 2x H-6), 3.53 (s, 3H,
OCH3), 3.47 (dd, 1H, J = 10.3, 8.0 Hz, H-2), 2.96 (bs, 1H, OH), 2.03 (s, 3H, Ac), 1.06 (s, 9H, -CH3
tBu). 13C-NMR:  (ppm) 171.1, 135.3, 132.8, 132.7, 132.5, 132.1, 129.4, 127.6, 102.9, 73.3, 71.2, 68.7,





(11/): To a mixture of 4 (1.14 g, 2.26 mmol), BSP
(510 mg, 2.44 mmol) and TTBP (1.12 g; 4.52 mmol) and
3Å Ms (± 500 mg) in DCM (50 mL) at -60ºC was added
dropwise Tf2O (410 L, 2.44 mmol). After stirring at the same temperature for 10 min, 5 (939 mg, 1.88
mmol) in DCM (5 mL) was added dropwise. The mixture was allowed to warm to rT upon which Et3N
(2 mL) was added. The reaction mixture was filtered and washed with sat. aq. NaHCO3, dried
(MgSO4), filtered and concentrated in vacuo. The residual oil was purified with column
chromatography (light petroleum  ethyl acetate/light petroleum 1/10 v/v) to give the pure -isomer
(200 mg, 0.23 mmol, 12%) as a colorless oil and the pure -isomer (858 mg, 0.99 mmol, 53%) as a
white foam. 11: []25D +6.2 (c = 1, CHCl3). IR (thin film): 2985, 2976, 2076, 1746, 1381, 1247, 1076,
1043. 1H-NMR:  (ppm) 7.61 (m, 4H, H arom.), 7.38 (m, 16H, H arom.), 5.60 (s, 1H, -CHPh), 5.40 (d,
1H, J = 1.6 Hz, H-4), 5.03 (s, 1H, H-1’), 4.89 (d, 1H, J = 12.4 Hz, -CHPh), 4.72 (d, 1H, J = 12.4 Hz, -
CHPh), 4.23 (dd, 1H, J = 10.2, 4.8 Hz, H-6’), 4.18 (d, 1H, 7.6 Hz, H-1), 4.10 (t, 1H, J = 9.2 Hz, H-4’),
4.00 (m, 3H, H-2’, H-6’, H-3’), 3.81 (m, 2H, H-6, H-3), 3,74 (m, 1H, H-5’), 3.66 (t, 1H, J = 6.8 Hz, H-
6), 3.62 (m, 1H, H-5), 3.56 (m, 4H, OCH3, H-2), 1.93 (s, 3H, Ac), 1.05 (s, 9H, -CH3 tBu). 13C-NMR: 
(ppm) 169.3, 138.3, 138.1, 135.5, 133.1, 132.85, 129.9, 129.8, 129.4, 128.2, 128.1, 127.8, 127.7, 127.6,
127.5, 103.3, 101.7, 100.8, 78.9, 75.9, 75.0, 73.9, 73.4, 73.3, 68.4, 68.0, 64.6, 63.3, 62.7, 61.5, 57.2,
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[]25D -44.2 (c = 1, CHCl3); IR (thin film): 2986, 2976, 2078, 1746, 1380, 1247, 1074, 1047. 1H-NMR:
 (ppm) 7.63 (m, 4H, H arom.), 7.39 (m, 16H, H arom.), 5.63 (s, 1H, -CHPh), 5.48 (d, 1H, J = 3.2 Hz,
H-4), 4.89 (d, 1H, J = 12.0 Hz, -CHPh), 4.84 (d, 1H, J = 1.2 Hz, H-1’), 4.75 (d, 1H, J = 12.0 Hz, -
CHPh), 4.34 (dd, 1H, J = 10.8, 5.2 Hz, H-6’), 4.16 (d, 1H, J = 8.0 Hz, H-1), 4.02 (t, 1H, J = 9.6 Hz, H-
4’), 3.92 (m, 2H, H-2’, H-6’), 3.81 (m, 3H, H-3, H-6, H-3’), 3.69 (t, 1H, J = 8.0 Hz, H-6), 3.65 (m, 1H,
H-5), 3.55 (m, 4H, OCH3, H-2), 3.38 (m, 1H, H-5’), 2.10 (s, 3H, Ac), 1.05 (s, 9H, -CH3 tBu). 13C-
NMR:  (ppm) 170.6, 137.8, 137.2, 135.5, 135.4, 132.8, 132.5, 129.9, 129.8, 129.0, 128.9, 128.4,
128.2, 102.8, 101.5 97.4, 78.1, 76.5, 75.8, 72.9, 72.8, 68.3, 67.4, 64.8, 63.0, 61.84, 61.1, 57.2, 26.7,
20.7, 19.0. ESI-HRMS calcd for C45H52N6O10Si (M+NH4): 882.3852. Found: 882.3867.
Methyl 4-O-acetyl-2-azido-3-O-(2-azido-3-O-benzyl-2-deoxy-
-D-mannopyranosyl)-6-O-tert-butyldiphenylsilyl-2-deoxy--
L-galactopyranoside (12): Disaccharide 11 (858 mg; 0.99
mmol) was dissolved in MeOH/THF (30 mL, 2/1 v/v) and CSA
(30 mg) was added. After 18h, TLC analysis (ethyl acetate/light
petroleum, 1/5 v/v) showed full consumption of the starting material and Et3N (200 L) was added.
Concentration of the reaction mixture followed by silica gel column chromatography (ethyl
acetate/light petroleum, 1/4  1/1 v/v) afforded diol 12 (471 mg, 0.61 mmol, 62%) as a white foam.
[]25D -62.0 (c = 1, CHCl3); IR (thin film): 2978, 2960, 2073, 1748, 1450, 1428, 1371, 1247, 1063. 1H-
NMR:  (ppm) 7.62 (m, 4H, H arom.), 7.39 (m, 11H, H arom.), 5.45 (d, 1H, J = 2.8 Hz, H-4), 4.78 (s,
1H, H-1’), 4.76 (d, 1H, J = 11.6 Hz, -CHPh), 4.63 (d, 1H, J = 11.6 Hz, -CHPh), 4.15 (d, 1H, J = 8.4
Hz, H-1), 3.92 (t, 1H, J = 10.8 Hz, H-6’), 3.83 (m, 5H, H-2’, H-3, H-6’, H-4’, H-6), 3.65 (m, 2H, H-6,
H-5), 3.52 (m, 5H, H-3’, OCH3, H-2), 3.35 (m, 1H, H-5’), 2.80 (bs, 1H, OH), 2.61 (bs, 1H, OH), 2.02
(s, 3H, Ac), 1.06 (s, 9H, -CH3 tBu). 13C-NMR:  (ppm) 170.6, 137.3, 135.5, 135.5, 132.8, 129.9, 129.9,
128.7, 128.2, 128.0, 127.8, 102.6, 97.2, 80.2, 76.1, 72.8, 71.9, 66.5, 65.0, 62.4, 61.9, 61.1, 60.7, 57.2,
26.7, 20.7, 19.0. ESI-HRMS calcd for C38H48N6O10Si (M+NH4): 794.3539. Found: 794.3564.
Methyl 4-O-acetyl-2-azido-3-O-(2-azido-3-O-benzyl-6-O-tert-
butyldimethyl-silyl-2-deoxy--D-mannopyranosyl)-6-O-tert-
butyldiphenylsilyl-2-deoxy--L-galactopyranoside (13): To a
solution of diol 12 (471 mg, 0.61 mmol) in pyridine (10 mL)
was added TBSCl (101 mg, 0.67 mmol) and DMAP (15 mg).
After stirring for 6h, MeOH (500 L) was added and the volatiles were evaporated. Column
chromatography (ethyl acetate/light petroleum 1/10  1/5 v/v) furnished 13 (383 mg, 0.44 mmol,
72%) as a colorless oil. []25D -38.1 (c = 1, CHCl3); IR (thin film): 2980, 2950, 2071, 1744, 1483,























2.8 Hz, H-4), 4.80 (s, 1H, H-1’), 4.77 (d, 2H, J = 14.6 Hz, -CHPh), 4.74 (d, 2H, J = 14.6 Hz, -CHPh),
4.10 (d, 1H, J = 8.4 Hz, H-1), 3.91 (m, 2H, 2x H-6’), 3.87 (dd, 1H, J = 10.4, 2.8 Hz, H-3), 3.85 (t, 1H,
J = 9.6 Hz, H-4’), 3.75 (m, 2H, H-2’, H-6), 3.67 (t, 1H, J = 8.0 Hz, H-6), 3.61 (m, 1H, H-5), 3.53 (m,
5H, H-2, OCH3, H-3’), 3.33 (m, 1H, H-5’), 2.95 (s, 1H, OH), 2.04 (s, 3H, Ac), 1.05 (s, 9H, -CH3 tBu),
0.91 (s, 9H, -CH3 tBu), 0.12 (s, 3H, Si-CH3), 0.11 (s, 3H, Si-CH3). 13C-NMR:  (ppm) 170.3, 137.5,
135.4, 135.4, 132.7, 132.6, 129.8, 129.8, 128.4, 127.9, 127.7, 102.7, 96.5, 80.3, 77.2, 75.8, 75.5, 72.8,
72.1, 68.2, 64.7, 64.0, 61.9, 61.2, 60.8, 57.0, 26.6, 25.7, 20.6, 18.9, 18.1, -5.6, -5.6. ESI-HRMS calcd
for C44H62N6O10Si2 (M+H): 891.4139. Found: 891.4177.
Methyl 4-O-acetyl-2-azido-3-O-{2-azido-3-O-benzyl-4-O-(3-O-benzyl-4,6-O-benzylidene-2-deoxy-
2-phtalimido--D-glucopyranosyl)-6-O-tert-butyldimethylsilyl-2-deoxy--D-mannopyranosyl}-6-
O-tert-butyldiphenylsilyl-2-deoxy--L-galactopyranoside (2): To a mixture of 3 (137 mg, 0.24
mmol), BSP (55 mg, 0.26 mmol) and TTBP (120 mg, 0.48 mmol) and 3Å Ms (± 200 mg) in dry DCM
(5 mL) at -60ºC was added Tf2O (47 L, 0.28 mmol). After stirring at -60ºC for 15 min, 13 (180 mg,
0.20 mmol) in DCM (2 mL) was added. The mixture was allowed to warm to -20ºC over 2h, after
which Et3N (500 L) was added. The mixture was washed with sat. aq. NaHCO3-solution, the organics
were dried (MgSO4), filtered and removed under reduced pressure affording a yellow oil which was
purified by column chromatography (light petroleum  ethyl acetate/light petroleum 1/10 v/v) to give
trisaccharide 2 (192 mg, 0.14 mmol, 71%) as a white foam. []25D -2.8 (c = 1, CHCl3); IR (thin film):
2982, 2187, 2114, 1713, 1384, 1080 cm-1. 1H-NMR:  (ppm) 7.61 (m, 4H, H arom.), 7.31 (m, 21H, H
arom.), 6.93 (m, 4H, H arom.), 5.55 (s, 1H, -CHPh), 5.42 (d, 1H, J = 8.4 Hz, H-1’’), 5.36 (d, 1H, J =
3.2 Hz, H-4), 4.85 (d, 1H, J = 12.0 Hz,-CHPh), 4.79 (d, 1H, J = 12.0 Hz, -CHPh), 4.73 (d, 1H, J = 12.0
Hz, -CHPh), 4.64 (s, 1H, H-1’),  4.47 (d, 1H, J = 12.4, -CHPh), 4.45 (t, 1H, J = 10.4 Hz, H-3’’), 4.20
(m, 2H, H-6’’, H-2’’), 4.01 (d, 1H, J = 8.0 Hz, H-1), 3.95 (t, 1H, J = 9.2 Hz, H-6’, ), 3.73 (m, 3H, H-3,
H-4’’, H-6’’), 3.65 (d, 2H, J = 3.1 Hz, H-2’), 3.59 (m, 6H, H-6, H-3’, H-6, H-6’’, H-5, H-5’’), 3.49 (s,
3H, OCH3), 3.44 (dd, 1H, J = 10.4, 8.4 Hz, H-2), 3.34 (dd, 1H, J = 11.6, 5.2 Hz, H-4’), 3.07 (m, 1H, H-
5’), 1.98 (s, 3H, Ac), 1.03 (s, 9H, -CH3 tBu), 0.85 (s, 9H, -CH3 tBu), 0.01 (s, 3H, Si-CH3), -0.03 (s, 3H,
Si-CH3). 13C-NMR:  (ppm) 170.3 (C=O), 167.6 (C=O), 138.3, 137.9, 137.3 (3x Cq-arom.), 135.54,
135.47, 133.9 (3x CH arom.), 132.8, 132.7, 131.5 (3x Cq-arom.), 130.6, 129.9, 129.8, 128.9, 128.7,
128.4, 128.2, 128.0, 127.8, 127.7, 127.5, 127.3, 127.2, 126.2 (14x CH arom.), 102.8 (C-1), 101.2 (-
CHPh), 98.3 (C-1’’), 96.2 (C-1’), 83.0 (C-4’’), 79.0 (C-3’), 76.3 (C-5’), 75.2 (C-3), 74.8 (C-3’’), 74.1
(CH2Ph), 73.2 (C-4’), 72.9 (C-5’’), 72.7 (CH2Ph), 68.7 (C-6’), 65.8 (C-5), 64.5 (C-4), 62.0 (C-2), 62.0
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tBu), 23.9 (Cq tBu), 20.6 (CH3 acetyl), -5.5 (Si-CH3), -5.5 (Si-CH3). ESI-HRMS calcd for
C72H85N7O16Si2 (M+Na): 1382.5484. Found: 1382.5481.
Methyl 4-O-acetyl-2-azido-3-O-{2-azido-3-O-benzyl-4-O-(2-acetamido-3-O-benzyl-4,6-O-benzyl-
idene-2-deoxy--D-glucopyranosyl)-6-O-tert-butyldimethylsilyl-2-deoxy--D-mannopyranosyl}-6-O-
tert-butyldiphenylsilyl-2-deoxy--L-galactopyranoside (14): Trisaccharide 2 (90 mg, 66 mol) was
dissolved in dry nBuOH (4 mL) and 3Å Ms (± 100 mg) were added. After stirring for 1h, EDA (1 mL)
was added and the mixture was stirred at 90ºC for 12 h. The volatiles were removed by rotary
evaporation under reduced pressure and the resulting solid was dissolved in pyridine (3 mL) and Ac2O
(1 mL). After 3h, the reaction mixture was concentrated and applied on a silicagel column (ethyl
acetate/light petroleum 1/7 v/v  ethyl acetate/light petroleum 1/4 v/v) gave 14 (74 mg, 58 mol;
88%) as a white solid. []25D -17.4 (c = 1, CHCl3); IR (thin film): 2980, 2130, 2114, 1718, 1712, 1380,
1080, 1002 cm-1; 1H-NMR:  (ppm) 7.37 (m, 4H, H arom.), 7.31 (m, 21H, H arom.), 5.51 (s, 1H, -
CHPh), 5.40 (d, 1H, J = 3.2 Hz, H-4, ), 5.33 (d, 1H, J = 8.4 Hz, H-1’’), 4.91 (d, 1H, J = 8.4 Hz, NH),
4.88 (d, 1H, 11.6 Hz, -CHPh), 4.75 (d, 1H, J = 12.0 Hz, -CHPh), 4.73 (s, 1H, H-1’), 4.70 (d, 1H, J =
12.0 Hz, -CHPh), 4.62 (d, 1H, J = 11.6 Hz-CHPh), 4.15 (dd, 1H, J = 10.4, 4.8 Hz, H-6’), 4.08 (d, 1H, J
= 8.0 Hz, H-1), 3.92 (m, 3H, H-6’, H-4’, H-3’’), 3.85 (dd, 1H, J = 10.4, 3.2 Hz,H-3), 3.76 (m, 2H, H-6,
H-5), 3.71 (d, 1H, J = 3.6 Hz, H-2’), 3.62 (m, 6H, H-6, H-6’’, H-3’, H-6’’, H-4’’, H-2’’), 3.53 (s, 3H,
OCH3), 3.49 (dd, 1H, J = 10.5, 7.8 Hz, H-2), 3.35 (m, 1H, H-5’’), 3.26 (m, 1H, H-5’), 2.04 (s, 3H, Ac),
1.84 (s, 3H, N(CO)CH3), 1.26 (s, 9H, -CH3 tBu), 1.06 (s, 9H, -CH3 tBu), 0.16 (s, 3H, Si-CH3), 0.12 (s,
3H, Si-CH3). 13C-NMR:  (ppm) 170.4, 170.0, 138.3, 138.0, 137.3, 132.9, 132.7, 128.9, 128.7, 128.6,
128.5, 128.4, 128.3, 128.2, 127.8, 127.7, 127.3, 102.8, 101.1, 101.0, 96.4, 82.3, 79.2, 77.3, 76.6, 75.4,
74.1, 74.0, 73.8, 73.0, 72.5, 68.7, 65.9, 64.6, 62.2, 62.1, 61.8, 61.2, 57.1, 56.9, 26.7, 26.1, 25.9, 25.8,
23.5, 20.7, -5.3, -5.4. ESI-HRMS calcd for C66H85N7O15Si2 (M+H): 1272.5715. Found: 1272.5729.
Methyl 2-acetamido-4-O-acetyl-3-O-{2-acetamido-3-O-benzyl-4-O-(2-acetamido-3-O-benzyl-4,6-
O-benzylidene-2-deoxy--D-glucopyranosyl)-6-O-tert-butyldimethylsilyl-2-deoxy--D-mannopyr-
anosyl}-6-O-tert-butyldiphenyl-silyl-2-deoxy--L-galactopyranoside (15): AcSH: To a solution di-


































stirred for 48h. Concentration under reduced pressure followed by column chromatography (ethyl
acetate/light petroleum 2/1 v/v  MeOH/ethyl acetate 1/10 v/v) afforded 15 (34 mg, 26 mol; 44%) as
a glass. Me3P: 14 (60 mg, 47 mol) was dissolved in THF (2 mL) and Me3P (140 L, 1 M in THF) and
H2O (200 L) were added and the mixture was stirred for 3d. Subsequently, the mixture was
concentrated and co-concentrated with toluene (2x). The resulting oil was dissolved in pyr (2 mL) and
Ac2O (500 L) was added. After stirring for 16h, the mixture was concentrated and the resulting
product co-evaporated with toluene (2x), Column chromatography (ethyl acetate/light petroleum 2/1
v/v  MeOH/ethyl acetate 1/10 v/v) afforded 15 (31 mg, 24 mol; 50%) as a slightly yellow glass.
[]25D -15.0 (c = 0.5, MeOH). IR (thin film): 2984, 1738, 1712, 1370 cm-1. 1H-NMR (MeOD):  (ppm)
7.64 (m, 4H, H arom..), 7.27 (m, 21H, H arom..), 5.59 (d, 1H, J = 3.2 Hz, H-4), 5.54 (s, 1H, -CHPh),
4.76 (m, 3H, H-1’’, 2x -CHPh), 4.63 (bs, 1H, H-1’), 4.58 (d, 1H, J = 12.0 Hz, -CHPh), 4.48 (d, 1H, J =
11.6 Hz, -CHPh), 4.32 (d, 1H, J = 8.4 Hz, H-1), 4.07 (dd, 1H, J = 11.6, 3.2 Hz, H-6’), 4.00 (m, 2H, H-
4’’, H-3), 3.86 (dd, 1H, J = 10.8, 8.8 Hz, H-2), 3.73 (m, 10H, H-3’, H-2’, H-5’, H-5, H-2’’, H-3’’, 2x
H-6, 2x H-6’’), 3.48 (m, 2H, H-6’, H-4’), 3.45 (s, 3H, OCH3), 3.07 (m, 1H, H-5’’), 2.14 (s, 3H, Ac),
2.06 (s, 1H, -N(CO)CH3), 2.04 (s, 1H, -N(CO)CH3), 1.99 (s, 1H, -N(CO)CH3), 1.04 (s, 9H, -CH3 tBu),
0.97 (s, 9H, -CH3 tBu), 0.18 (s, 3H, Si-CH3), 0.16 (s, 3H, Si-CH3). 13C-NMR:  (ppm) 172.0, 171.3,
170.6, 170.2, 138.5, 137.6, 137.3, 135.6, 132.8, 129.8, 129.0, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0,
127.8, 127.7, 127.3, 126.0, 101.3, 101.2, 100.5, 98.5, 82.7, 79.1, 76.7, 76.4, 76.1, 74.9, 73.9, 73.5, 72.6,
72.6, 72.4, 66.1, 65.0, 60.9, 56.5, 55.9, 55.9, 45.4, 26.7, 26.1, 23.9, 23.5, 22.9, 20.6, 19.0, 18.8, -5.1, -
5.4. ESI-HRMS calcd for C70H93N3O17Si2 (M+H): 1304.6116. Found: 1304.6151.
Methyl 2-acetamido-4-O-acetyl-3-O-{2-acetamido-3-O-benzyl-4-O-(2-acetamido-3-O-benzyl-4,6-
O-benzylidene-2-deoxy--D-glucopyranosyl)-2-deoxy--D-mannopyranosyl}-2-deoxy--L-galacto-
pyranoside (16): To a solution of 15 (28 mg, 21 mol) in THF/pyr (250 L, 4/1 v/v) in an Eppendorf
vial was added HF.pyr (70% in pyr, 24 L). After stirring overnight, the reaction mixture was poured
into water and the aqueous layer was extracted with ethyl acetate (3x). The combined organics where
dried (MgSO4), filtered and concentrated in vacuo. Column chromatography (ethyl acetate/light
petroleum 1/1 v/v  MeOH/ethyl acetate 1/5 v/v) afforded diol 16 (15 mg, 16 mol, 75%) as a
colorless glass. []25D -8.6 (c = 0.2, MeOH). 1H NMR (MeOD):  (ppm) 7.30 (m, 15H, H arom..), 5.53
(s, 1H, -CHPh), 5.46 (d, 1H, J = 3.2 Hz, H-4), 4.79 (m, 2H, H-1’’, -CHPh), 4.70 (d, 1H, J = 0.8 Hz, H-
1’), 4.66 (m, 1H, H-2’), 4.59 (d, 1H, J = 12.4 Hz, -CHPh), 4.43 (d, 1H, J = 12.4 Hz, -CHPh), 4.40 (d,
1H, J = 8.4 Hz, H-1), 4.07 (dd, 1H, J = 10.8, 3.6 Hz, H-3), 3.93 (dd, 1H, J = 10.0, 4.8 Hz, H-6’’), 3.87
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3’, H-6, H-5, H-6, H-4’’), 3.55 (m, 2H, H-6’’, H-6’), 3.46 (s, 3H, OCH3), 3.40 (m, 1H, H-5’), 3.10 (m,
1H, H-5’’), 2.13 (s, 3H, Ac), 1.96 (s, 3H, -NH(CO)CH3), 1.94 (s, 3H, -NH(CO)CH3), 1.83 (s, 3H, -
NH(CO)CH3). 13C-NMR (MeOD):  (ppm) 173.7, 173.7, 173.6, 172.8 (4x C=O), 139.98, 139.97, 139.1
(3x Cq-arom.), 129.27, 129.26, 129.1, 128.9, 128.6, 128.4, 128.1, 127.3 (8x CH arom..), 103.7 (C-1),
102.7 (C-1’’), 102.4 (-CHPh), 98.0 (C-1’), 83.2 (C-4’’), 80.3 (C-3’’), 80.0 (C-3’), 76.95 (C-3), 75.9 (C-
5), 75.8 (C-5’), 75.3 (-CH2Ph), 74.9 (C-4’), 71.7 (-CH2Ph), 69.7 (C-6’’), 67.5 (C-4), 67.3 (C-5’’), 62.0
(C-6), 61.6 (C-6’), 57.6 (C-2’’), 57.0 (OCH3), 52.9 (C-2), 50.2 (C-2’), 23.2, 23.1, 22.6, 20.8 (4x CH3-
acetyl). ESI-HRMS calcd for C48H61N3O17 (M+H): 952.4074. Found: 952.4085.
Methyl 2-acetamido-4-O-acetyl-3-O-{2-acetamido-4-O-(2-acetamido-2-deoxy--D-glucopyran-
osyl)-2-deoxy--D-mannopyranosyluronic acid}-2-deoxy--L-galactopyranosyluronic acid (1): A
solution of KBr (7.8 mg), Bu4NBr (10.4 mg) and TEMPO (cat.) in sat. aq. NaHCO3 (1.4 mL) was
added to a solution of diol 16 (15 mg; 16 mol) in DCM (130 L). To the resulting biphasic mixture
was added a mixture of brine (0.14 mL), sat. aq. NaHCO3 (78 L) and NaOCl (36 L, 10% in H2O)
under vigorous stirring. After 1/2h, TLC analysis (MeOH/ethyl acetate 1/4 v/v) showed full
transformation of the starting material into a higher running protracted spot. After addition of another
batch of NaOCl (50 L, 10% in H2O) and stirring for an additional 16h, TLC analysis (MeOH/ethyl
acetate 1/4 v/v) showed full consumption of this intermediate. The phases were separated and the
organic phase was washed with sat. aq. NaHCO3. The aqueous phase was extracted with DCM (2x) and
subsequently acidified to pH ~ 3 (1 M HCl) and extracted with ethyl acetate (4x). The combined
organics were dried (MgSO4), filtered and concentrated to give the crude di-acid which was used in the
next step without further purification. ESI-HRMS calcd for C48H57N3O19 (M+H): 980.3659. Found:
980.3693. The di-acid was dissolved in t-BuOH/H2O (200 L, 11/4 v/v), HCl (1 M, 30 L) and Pd/C
(25 mg) were added and Ar was bubbled through the mixture for 1/2h. Then, H2 was bubbled through
for 1h and stirring under an H2 atmosphere was continued for 18h after which the reaction mixture was
filtered, concentrated in vacuo and lyophilized. Gel filtration (HW-40, 0.15M NH4OAc in H2O) of the
resulting oil afforded desired trisaccharide 1 (4.1 mg, 5.9 mol, 37% over 2 steps) as a white foam.
[]25D -4.6 (c = 0.1, H2O). 1H-NMR (D2O):  (ppm) 5.71 (d, 1H, J = 3.2 Hz, H-4), 4.80 (s, 1H, H-1’,
obscured by D2O solvent residual peak), 4.47 (d, 1H, J = 8.4 Hz, H-1’’), 4.46 (d, 1H, J = 8.6 Hz, H-1),
4.29 (d, 1H, J = 4.0 Hz, H-2’), 4.18 (s, 1H, H-5), 4.09 (dd, 1H, J = 10.8, 3.6 Hz, H-3), 3.92 (t, 1H, J =
11.4 Hz, H-6’’), 3.82 (m, 3H, H-3’, H-2, H-4’), 3.74 (dd, 1H, J = 7.2, 5.1 Hz, H-6’’), 3.68 (m, 2H, H-
2’’, H-5’), 3.54 (m, 4H, H-3’’, OCH3), 3.44 (m, 2H, H-4’’, H-5’’), 2.10 (s, 3H, Ac), 2.07 (s, 3H, -

















175.7, 172.8, 168.4, 162.2, 102.1 (C-1), 101.7 (C-1’’), 97.5 (C-1’), 79.0 (C-4’), 78.0 (C-5’), 76.7 (C-5),
76.0 (C-3), 74.5 (C-3’’), 74.2 (C-5’), 70.8 (C-3’), 70.4 (C-4’’), 69.4 (C-4), 61.3 (C-6’’), 57.6 (OCH3),
56.2 (C-2’’), 53.1 (C-2’), 49.7 (C-2), 23.1 (-NH(CO)CH3), 23.0 (-NH(CO)CH3), 22.7 (-NH(CO)CH3),
20.8 (-O(CO)CH3). ESI-HRMS calcd for C27H41N3O19 (M+H): 712.2407. Found: 712.2398.
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Synthesis of an -Gal epitope -D-Galp-
(1→3)--D-Galp-(1→4)--D-GlcpNAc -
Lipid conjugate
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Abstract: The synthesis of a neoglycoconjugate containing the -Gal epitope
trisaccharide connected to a spacer-lipid entity is described. The -D-Galp-(1→3)--
D-Galp-(1→4)--D-GlcpNAc trisaccharide, equipped with a 3-aminopropyl spacer, is
efficiently assembled from easily accessible building blocks in a one-pot procedure.
Global deprotection of the trisaccharide and ensuing introduction of a





The carbohydrate structure -D-Galp-(1→3)--D-Galp-(1→4)--D-GlcpNAc,
commonly referred to as -Gal, is expressed on many cells and tissues of non-primate
mammals and New World monkeys.[1] However, -Gal is non-self to Old World
monkeys, apes, and humans due to evolutionary inactivation of the gene encoding
1,3-galactosyltransferase. The -Gal epitope is a major obstacle in the field of
xenotransplantation of tissues or organs from pigs to monkeys (or humans).[2,3] On the
other hand, the strong immunological response to -Gal could be beneficial in
vaccinology or immune therapy. It was demonstrated that covalent introduction of -
Gal onto hepatitis B virus haemagglutinin[4,5] or tumour cells[6-10] enhanced the
immunogenicity. To this end, the -D-Galp-(1→4)-GlcNAc epitopes present on the
haemagglutinin or liberated (with neuraminidase) on the tumor cell surface were
modified with uridine diphosphogalactose (UDP-Galalactose) and a suitable 1,3-
galactosyltransferase. It is obvious that such an enzymatic modification of antigens
will not always be possible or practical. It was envisaged that a non-covalent
association of -Gal and the target particle should be possible via lipid anchors
attached to the carbohydrate. With this objective in mind, the artificial glycolipid 1
was prepared as described in this paper.
Results and discussion
The synthetic strategy to target compound 1 comprises the construction of the
hydrophilic trisaccharide 2, followed by the introduction of the lipophilic tails
(Scheme 1).
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Scheme 1: Retrosynthetic analysis of target glycolipid 1.
Following this strategy, 3-aminopropyl equipped trisaccharide 2 was functionalised
with diaminopropionic acid allowing the introduction of two palmitic acid moieties to
give amphiphile 1. Construction of the spacer containing trisaccharide 2 was
envisaged to proceed by either a chemoselective or an orthogonal coupling sequence
of monosaccharide building blocks 3a or 3b, 4 and 5 followed by a global
deprotection of the formed trisaccharide.[11,12]
Initially, attention was focussed on the synthesis of the intermediate
thiodisaccharide 6 employing benzylated and acylated galactosides 3a/b and 4. Based
on the findings in armed-disarmed,[13] chemoselective,[14,15] and orthogonal

















































3a: R = -SPh




Table 1: Synthesis of thiodigalactoside 6
Entry Donor Activator Solvent Yield of 6 (%)
1 3a IDCP DCE/Et2O (1:5 v/v) 50




4 3b DPS/Tf2O DCM 64
Iodonium sym-collidine perchlorate (IDCP) mediated chemoselective
glycosidation of armed phenyl 2,3,4,6-tetra-O-benzyl--D-thiogalactoside[17] 3a with
disarmed phenyl 4-O-acetyl-2,6-di-O-benzoyl--D-thiogalactoside[18] 4 in a mixture
of dichloroethane and diethyl ether gave -linked dimer 6 in 50% yield as the sole
isomer (Entry 1). Executing the IDCP protocol in toluene/dioxane, as advocated by
Zhu and Boons, gave -dimer 6 in 54% (Entry 2).[19] Condensation of the same donor
and acceptor with the aid of 1-benzenesulfinylpiperidine (BSP)/
trifluoromethanesulfonic anhydride (Tf2O),[20] the activation system of the Crich
group, followed by quenching with triethyl phosphite (TEP)[15] (Entry 3) resulted in a
52% isolated yield of 6. Diphenyl sulfoxide (DPS)/Tf2O[21] promoted orthogonal
condensation of galactosyl donor 3b with 4 afforded 6 in 64% yield (Entry 4).
Having thiodisaccharide 6 in hand, the elongation with acceptor 5 was
examined.[22] DPS/Tf2O[15a] mediated condensation of donor disaccharide 6 with
acceptor 5 afforded trisaccharide 7 with the expected equatorial orientation of the
newly introduced glycosidic bond in 69% yield (Scheme 2).
On the basis of the above described glycosylation experiments, it was
investigated whether the construction of trisaccharide 7 could be improved by
performing the condensation of 3b, 4 and 5 in a one-pot procedure.[16] Therefore,
hemiacetal 3b was activated with DPS/Tf2O followed by addition acceptor
thiogalactoside 4 to the reaction mixture to afford transient dimer 6 with concomitant
regeneration of DPS. Ensuing activation of the thio function in 6 was effected by the
addition of another equivalent of triflic anhydride. Subsequent introduction of

















3a: R = -SPh
  b: R = -OH
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yield of this operation is a significant improvement in comparison with the overall
yield of 44% from the stepwise approach.
Scheme 2: Stepwise and one-pot construction of trisaccharide 7.
The introduction of the lipophilic tails started with the global deprotection of
trisaccharide 7 (Scheme 3). First, the phthalimide in 7 was transformed into the free
amine using ethylenediamine (EDA) in refluxing nBuOH under strictly anhydrous
conditions followed by acetylation (Ac2O in pyridine) and subsequent saponification
of the ester moieties by treatment with catalytic KOtBu in MeOH to give 8 with the
2’-O-acetate in the central galactose residue unaffected. Subsequent saponification of
the ester moieties by treatment with catalytic KOtBu in MeOH left the 2’-O-acetate in
the central galactose residue unaffected but ensuing treatment with stoichiometric
KOtBu in refluxing MeOH resulted in clean removal of the acetate furnishing the
desired trisaccharide 9 in 94%. Hydrogenolysis of 9 with palladium on carbon under a
hydrogen atmosphere afforded 3-amino-1-propyl trisaccharide 2 in quantitative yield.











































































Reagents and conditions: i. EDA, nBuOH, reflux; ii. Ac2O, pyr.; iii. KOtBu (cat.), MeOH, 92% over
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Scheme 4
Reagents and conditions: i. 2(S),3-bis-(9H-fluoren-9-ylmethoxycarbonylamino)-propionic acid, BOP,
DiPEA, DMSO/DMF 1:2 v/v; ii. DBU, DMSO/DMF 1:2 v/v; iii. palmitic acid N-hydroxysuccinimide
ester, DiPEA, DMF/DMSO/CHCl3 2:1:1 v/v, 35% over the three steps.
The free amine in 2 was acylated with bis-Fmoc-diaminopropionic acid under
the influence of benzotriazol-1-yloxytris(dimethylamino)-phosphonium hexafluoro-
phosphate (BOP reagent) and DiPEA, to afford bis-Fmoc trisaccharide 10, which was
purified by a sequence of trituration steps. Removal of the Fmoc groups in 10 by
treatment with piperidine and purification of the resulting diamine proved to be very
tedious. This problem could be circumvented by the following sequence of steps. The
diamine was released by treatment of 10 with 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU) and the generated fluorene was quenched with ethanethiol to avoid any side
reactions. The reaction mixture was concentrated and the residue dissolved in a
mixture of DMSO, DMF and CHCl3. Subsequent treatment with excess palmitic acid
N-hydroxysuccinimide ester in the presence of DiPEA followed by concentration and


































































Artificial glycolipid 1, designed for incorporation into liposomes and
membranes, was assembled in two stages. Aminopropyl spacer containing
trisaccharide 9 was synthesised in a one-pot procedure from easily available
orthogonal protected building blocks. After removal of the protecting groups in 9, the
lipid anchor was introduced via a procedure, in which the number of chromatographic
purification steps was minimised. The application of neoglycoconjugate 1 in
immunological experiments is currently examined.
Experimental section
General methods: Dichloromethane was refluxed with P2O5 and distilled before use. 1-
Benzenesulfinylpiperidine (BSP) and tri-tert-butylpyrimidine (TTBP) were synthesised as described by
Crich et al.20,25 Trifluoromethanesulfonic anhydride (Tf2O) was stirred for 3 hours on P2O5 and
subsequently distilled. All other chemicals (Fluka, Acros, Merck, Aldrich, Sigma) were used as
received. Reactions were performed under an inert atmosphere under strictly anhydrous conditions
unless stated otherwise. Traces of water from reagents used in reactions that require anhydrous
conditions were removed by coevaporation with toluene and dichloroethane. Molecular sieves (3Å)
were flame dried before use. Column chromatography was performed on Fluka Silica gel 60 (0.04-
0.063 mm, 230-400 mesh ASTM). TLC analysis was conducted on DC-alufolien (Merck, Kieselgel 60
F254). Compounds were visualised by UV absorption (254 nm), and by spraying with 20% H2SO4 in
ethanol, with a solution of ninhydrin 0.4 g in EtOH (100 mL) containing acetic acid (3 mL) or with a
solution of (NH4)6Mo7O24·4H2O 25g/L, followed by charring at ± 140ºC. 1H and 13C NMR spectra
were recorded with a Bruker DPX 300 (300 and 75.1 MHz), a Bruker AV 400 (400 and 100 MHz) or a
Bruker DMX 600 (600 and 125 MHz). NMR spectra were recorded in CDCl3 with chemical shifts ()
relative to tetramethylsilane unless stated otherwise. Mass spectra were recorded on a PE/SCIEX API
165 equipped with an Electrospray Interface (Perkin-Elmer) or a Finnigan LTQ-FT (Thermo Electron).
Optical rotations were recorded on a Propol automatic polarimeter.
Phenyl 4-O-acetyl-2,6-di-O-benzoyl-3-O-(2,3,4,6-tetra-O-benzyl-
-D-galactopyranosyl)-1-thio--D-galactopyranoside (6): IDCP:
To a solution of 3a (190 mg, 0.3 mmol) and 4 (131 mg, 0.25 mmol)
in DCE/Et2O (5 mL, 1:5 v/v) containing powdered 5Å Ms was added
IDCP (280 mg, 0.6 mmol). After stirring for 1h, the reaction mixture
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dried (MgSO4), filtered and concentrated. Column chromatography of the residue (ethyl acetate/light
petroleum, 1:9 → 1:5 v/v) afforded 6 (130 mg, 125 mol, 50%) as a colorless oil.
BSP/Tf2O; (EtO)3P quench: To a solution of thiodonor 3a (0.2 mmol, 1.0 equiv), BSP (46 mg, 0.22
mmol), TTBP (124 mg, 0.5 mmol) in dichloromethane (5 mL) containing 3Ǻ Ms at -60ºC was added
trifluoromethanesulfonic anhydride (37 L, 0.22 mmol). The reaction mixture was stirred for 5 min,
after which a solution of acceptor thioglycoside 4 (115 mg, 0.22 mmol) in dichloromethane (2 mL) was
added. The mixture was stirred at -60ºC for 1 h followed by it was slowly warming to -10ºC. The
reaction was quenched with triethyl phosphite (1.0 equiv) and triethylamine (5 equiv). Sat. aq.
NaHCO3 was added and the organic layer was separated, washed with saturated NaCl solution, dried
(MgSO4) and concentrated. Purification by silica gel chromatography (light petroleum → ethyl
acetate/light petroleum 1:4 v/v) gave the thiodisaccharide 6 (109 mg, 104 mol, 52%) as an oil.
DPS/Tf2O: To a solution of the 1-hydroxyl donor 3b (140 mg, 0.26 mmol), DPS (120 mg, 0.57 mmol)
and TTBP (140 mg, 0.57 mmol) in DCM (5 mL) trifluoromethanesulfonic anhydride (0.27 mmol, 46
L) was added at -60ºC. The temperature was raised to -40ºC and stirred at this temperature for one
hour. Then, a solution of acceptor 4 (104 mg, 0.2 mmol) in DCM (2 mL) was added and the reaction
mixture was allowed to warm to room temperature. Dry Et3N (10 equiv to donor) was added and the
reaction mixture was washed with saturated NaHCO3 and water. After drying (MgSO4) and
concentration, the residue was purified by column chromatography (ethyl acetate/light petroleum) to
give disaccharide 6 (134 mg, 128 mol, 64%) as a colorless syrup.
6: Rf 0.80 (ethyl acetate/light petroleum, 1:3 v/v). []25D +90.8 (c = 1). 1H-NMR:  (ppm) 8.12-7.14 (m,
35 H, CH arom..), 5.67 (d, 1H, J = 2.8 Hz, H-4), 5.61 (t, 1H, J = 9.9 Hz, H-2), 5.22 (d, 1H, J = 3.2 Hz,
H-1'), 4.81 (d, 1H, J = 10.1 Hz, H-1), 4.76 (d, 1H, J = 11.4 Hz, -CHPh), 4.65 (s, 2H, -CHPh), 4.64 (d,
1H, J = 12.2 Hz, -CHPh), 4.48 (m, 2H, H-6, -CHPh), 4.36 (m, 4 H, H-6, -CHPh), 4.16 (dd, 1H, J = 3.0,
9.7 Hz, H-3), 3.93 (m, 3H, H-2', H-5, H-5'), 3.75 (dd, 1H, J = 2.6, 10.1 Hz, H-3'), 3.44 (dd, 1H, J = 7.3,
9.6 Hz, H-6'), 3.23 (bs, 1H, H-4'), 3.20 (dd, 1H, J = 5.2, 9.6 Hz, H-6'), 1.89 (s, 3H, Ac). 13C-NMR: 
(ppm) 170.3, 165.9, 164.8 (C=O), 138.6, 138.5, 138.3 (Cq Bn), 133.4 (Cq SPh), 129.5, 129.4 (Cq Bz),
133.2-127.4 (CH arom..), 93.3 (C-1’), 87.0 (C-1), 78.7 (C-3’), 75.5 (C-2’), 74.8 (C-5’), 74.7 (C-4’),
74.3, 74.2, 73.1, 73.0 (CH2 Bn), 72.7 (C-3), 69.9 (C-5), 69.4 (C-6’), 68.9 (C-2), 65.1 (C-4), 62.7 (C-6),
20.4 (CH3 Ac). ESI-MS: m/z 1068.1 [M + Na]+.
3-Azidopropyl 3-O-benzyl-4,6-O-benzylidene-2-deoxy-2-
phthalamido--D-glucopyranoside (8): A solution of ethyl 3-
O-benzyl-4,6-O-benzylidene-2-deoxy-2-phthalamido-1-thio--
D-glucopyranoside 7 (3.7 g, 7 mmol), BSP (1.77 g, 8.5 mmol) and TTBP (3.8 g, 15.4 mmol) containing
3Å Ms in DCM (50 mL) at -60ºC , was treated with Tf2O (1.44 mL, 8.5 mmol) for 10 min after which
3-azidopropan-1-ol (2.12 g, 21 mmol) in DCM (10 mL) was added. The mixture was allowed to warm










NaHCO3. The organic layer was dried (MgSO4), filtered and concentrated in vacuo. Column
chromatography of the residue (light petroleum → ethyl acetate/light petroleum 1:5 v/v) afforded 3-
azido-1-propyl 3-O-benzyl-4,6-O-benzylidene-2-deoxy-2-phthalimido--D-glucopyranoside 8 (3.35 g,
5.9 mmol, 84%) as a white foam. 1H-NMR:  (ppm) 7.74-6.89 (m, 14H, H arom..), 5.62 (s, 1H, -
CHPh), 5.20 (d, 1H, J = 8.8 Hz, H-1), 4.80 (d, 1H, J = 12.4 Hz, -CHPh), 4.50 (d, 1H, J = 12.4 Hz, -
CHPh), 4.43 (m, 2H, H-2, H-3), 4.20 (dd, 1H, J =11.0, 8.8 Hz, H-2), 3.82 (m, 3H, H-4, 2x H-6), 3.72
(m, 1H, H-5), 3.41 (m, 2H, O-CH2-CH2), 3.12 (m, 2H, CH2N3), 1.71 (m, 2H, CH2-CH2-CH2). 13C-
NMR:  (ppm) 167.1, 137.4, 136.9, 133.4, 131.6, 130.8, 128.5, 128.3, 127.6, 127.4, 126.8, 125.5,
124.5, 122.7, 100.5, 98.3, 82.3, 74.0, 73.3, 68.0, 65.7, 65.5, 60.5, 58.5, 55.2, 47.2, 28.1. ESI-MS: m/z
593.2 [M + Na]+.
3-Azidopropyl 3,6-di-O-benzyl-2-deoxy-2-phthalimido--D-
glucopyranoside (5): Compound 8 (2.85 g, 5 mmol) was treated with
TfOH (1.27 mL, 15.0 mmol) in the presence of triethylsilane (2.6
mL, 16.6 mmol) in DCM (50 mL) at –78°C. After 20 min the reaction was quenched by the subsequent
addition of MeOH and triethylamine. After the reaction mixture was washed with saturated aqueous
NaHCO3, dried and concentrated the residue was purified by column chromatography (ethyl
acetate/light petroleum, 1:20 → 1:4 v/v) to provide compound 5 (2.0 g, 3.55 mmol, 71%) as a slightly
yellow oil. 1H NMR:  (ppm) 7.79-6.92 (m, 14 H, H arom..), 5.14 (d, 1H, J = 8.3 Hz, H-1), 4,75 (d, 1H,
J = 12.2 Hz, -CHPh), 4.64 (d, 1H, J = 12.0 Hz, -CHPh), 4.58 (d, 1H, J = 12.0 Hz, -CHPh), 4.53 (d, 1H,
J = 12.2 Hz, -CHPh), 4.24 (dd, 1H, J = 8.4, 10.8 Hz, H-3), 4.15 (dd, 1H, J = 8.4, 10.8 Hz, H-2), 3.81
(m, 4H, H-4, H-6, O-CH2-CH2), 3.66 (m, 1H, H-5), 3.45 (m, 1H, H-6), 3.11 (m, 2H, CH2N3), 1.66 (m,
2H, CH2-CH2-CH2); 13C NMR:  (ppm) 138.0, 137.6 (Cq Bn), 133.8, 128.4, 128.0, 127.7, 127.6, 127.3,
123.2 (CH arom..), 131.4 (Cq, Phth), 98.2 (C-1), 78.6 (C-3), 74.2 (CH2 Bn), 74.2 (C-5), 74.0 (C-4), 73.6




Stepwise procedure: A solution of disaccharide 6 (209 mg, 0.2 mmol), DPS (81 mg, 0.4 mmol) and
TTBP (124 mg, 0.45 mmol) was treated with Tf2O (37 L, 0.22 mmol) for 10 min at -60ºC. Then,
acceptor 5 (179 mg, 0.3 mmol) was added and the reaction mixture was slowly warmed to 0ºC.
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oil. One-pot procedure: 2,3,4,6-tetra-O-benzyl-,-D-galactopyranose 3b (1.36 g, 2.5 mmol), DPS
(1.02 g, 5.0 mmol), and TTBP (1.86 g, 7.5 mmol) were dissolved in DCM (50 mL), powdered 3Å Ms
(500 mg) were added and the reaction mixture was cooled to -60ºC. Tf2O (440 L, 2.6 mmol) was
added and the reaction mixture was brought to -40ºC. Stirring was continued for 1 hour at this
temperature, after which phenyl 4-O-acetyl-2,6-di-O-benzoyl-1-thio--D-galactopyranoside 4 (1.04 g,
2.0 mmol in 5 mL DCM) was added. The reaction mixture was kept at -40ºC for 1 hour after which it
was slowly warmed to 0ºC. After 30 min at 0ºC the reaction mixture was cooled to -60ºC and Tf2O
(400 L, 2.4 mmol) was added. After the reaction was kept at -60ºC for 10 min, 3-azido-1-propyl 3,6-
di-O-benzyl-2-deoxy-2-phtalimido--D-glucopyranoside 5 (1.64 g, 3 mmol) was added. The  mixture
was slowly warmed to 0ºC after which it was quenched with Et3N (2 mL). Standard work-up and
purification gave compound 9 (1.85 g, 1.23 mmol, 61%) as a colorless oil. Rf 0.60 (ethyl acetate/light
petroleum, 1:3 v/v). []25D +39.2 (c = 0.75, CHCl3). 1H-NMR:  (ppm) 8.10-6.83 (m, 44H, H arom..),
5.54 (m, 2H, H-2', H-4'), 5.14 (d, 1H, J = 3.3 Hz, H-1"), 5.00 (d, 1H, J = 8.5 Hz, H-1), 4.91 (d, 1H, J =
12.4 Hz, -CHPh), 4.78 (d, 1H, J = 8.1 Hz, H-1'), 4.74 (d, 1H, J = 11.4 Hz, -CHPh), 4.63 (s, 2H, -
CHPh), 4.62 (d, 1H, J = 11.8 Hz, -CHPh), 4.55 (d, 1H, J = 12.0 Hz, -CHPh), 4.51 (d, 1H, J = 12.4 Hz, -
CHPh), 4.44 (d, 1H, J = 11.8 Hz, -CHPh), 4.42 (d, 1H, J = 11.8 Hz, -CHPh), 4.35 (d, 1H, J = 12.0 Hz, -
CHPh), 4.29 (m, 3H, 2 x -CHPh, H-3), 4.22 (dd, 1H, J = 6.5 Hz, J = 11.3 Hz, H-6'), 4.13 (m, 2H, H-6',
H-2), 4.05 (dd, 1H, J = 8.5 Hz, J = 9.9 Hz, H-4), 3.99 (dd, 1H, J = 3.4 Hz, J = 10.2 Hz, H-3'), 3.91 (dd,
1H, J = 3.3, 10.2 Hz, H-2"), 3.85 (bt, 1H, J = 6.9 Hz, H-5"), 3.75 (m, 1H, O-CHH-CH2), 3.67 (m, 2H,
H-5', H-6), 3.58 (m, 2H, H-6, H-3"),  3.41 (m, 1H, H-5), 3.38 (m, 2H, H-6", O-CHH-CH2), 3.25 (dd,
1H, J = 1.2 Hz, J = 2.6 Hz, H-4"), 3.21 (dd, 1H, J = 5.9 Hz, J = 9.4 Hz, H-6"), 3.08 (m, 2H, CH2-CH2-
N3), 1.81 (s, 3H, Ac), 1.64 (m, 2H, CH2-CH2-CH2). 13C-NMR:  (ppm) 170.2, 166.0, 164.6 (C=O),
138.7, 138.4, 138.1, 138.0 (Cq Bn), 131.5 (Cq Phth), 129.3, 129.7 (Cq Bz), 133.7-123.2 (CH arom..),
100.8 (C-1’), 98.3 (C-1), 94.1 (C-1”), 78.8 (C-3”), 78.3 (C-4), 76.9 (C-3), 75.5 (C-2”), 74.8 (C-4”),
74.7 (C-5), 74.5, 73.5, 73.3, 73.2, 73.1 (CH2 Bn), 72.3 (C-3’), 71.4 (C-2’), 71.0 (C-5’), 69.8 (C-5”),
69.2 (C-6”), 67.8 (C-6), 65.9 (O-CH2-CH2), 65.0 (C-4’), 61.7 (C-6’), 55.7 (C-2), 48.0 (CH2-CH2-N3),
28.8 (CH2-CH2-CH2), 20.4 (Ac). ESI-MS: m/z 1529.8 [M + Na]+.
3-azidopropyl 2-acetamido-4-O-{2-O-acetyl-3-O-(2,3,4,6-tetra-O-benzyl--D-galactopyranosyl)--
D-galactopyranosyl}-3,6-di-O-benzyl-2-deoxy--D-glucopyranoside (10):  To a solution of 9 (320
mg, 0.21 mmol) in dry nBuOH (2 mL) was added ethylene diamine (1 mL) and the mixture was heated
to 90ºC and a stirred overnight. After concentration and coevaporation with toluene (2x), the resulting
solid was dissolved in pyridine (2 mL) and Ac2O (200 µL, 2.12 mmol) was added. After 3h, TLC
















mixture was concentrated and then concentrated from toluene (2x). The resulting oil was dissolved in
dry MeOH (2 mL) and a catalytic amount of KOtBu was added. After overnight reaction, TLC analysis
(ethyl acetate/light petroleum, 2:1 v/v) showed full consumption of the starting material into one lower
running spot. The reaction was neutralized with Amberlite IR 120 H+-resin, filtered and concentrated.
The crude product was purified by column chromatography (ethyl acetate/light petroleum 1:4 v/v  
ethyl acetate) affording the title compound (234 mg, 0.19 mmol, 92%) as a white foam. Rf 0.40 (ethyl
acetate/light petroleum, 2:1 v/v). 1H-NMR:  (ppm) 7.28 (m, 30H, H arom..), 6.03 (d, 1H, J = 8.5 Hz,
H-1), 5.10 (t, 1H, J = 8.3 Hz, H-2’), 4.91 (d, 1H, J = 11.4 Hz, -CHPh), 4.86 (d, 1H, J = 11.5 Hz, -
CHPh), 4.74 (bs, 4H, -CHPh), 4.59 (m, 5H, -CHPh, H-1’’), 4.42 (m, 3H, -CHPh), 4.33 (d, 1H, J = 8.4
Hz, H-1’), 4.07 (dd, 1H, J = 9.6, 3.7 Hz, H-3’), 3.90 (m, 2H, H-4, H-6’’), 3.83 (m, 3H, H-6, H-5’’, H-
3), 3.73 (m, 4H, H-2, H-2’’, H-6, H-6), 3.69 (d, 1H, J = 3.3 Hz, H-4’), 3.61 (m, 2H, H-6’, H-5), 3.50
(m, 3H, H-3’, O-CH2-CH2), 3.34 (m, 3H, H-5’, CH2-CH2-N3), 2.02 (s, 3H, Ac), 1.89 (s, 3H, Ac), 1.78
(m, 2H, CH2-CH2-CH2). ESI-MS: m/z 1233.5 [M + Na]+.
3-azidopropyl 2-acetamido-3,6-di-O-benzyl-4-O-{3-O-(2,3,4,6-tetra-O-benzyl--D-galactopyran-
osyl)--D-galactopyranosyl}-2-deoxy--D-glucopyranoside (11): To a solution of 10 (234 mg, 0.19
mmol) in dry MeOH (2 mL) was added KOtBu (22 mg, 0.19 mmol) and the mixture was refluxed for
16h after which TLC analysis (MeOH/CHCl3, 1:9 v/v) showed full conversion of the starting material
into one lower running spot. The reaction was neutralized by addition of Amberlite IR 120 H+-resin,
filtered and concentrated under reduced pressure. Column chromatography gave compound 11 (210
mg, 0.18 mmol, 94%) as a white foam. Rf 0.56 (MeOH/CHCl3, 1:9 v/v). []25D +69.1 (c = 0.1, CHCl3).
1H-NMR:  (ppm) 7.31 (m, 30H, H arom..), 4.90 (m, 3H, -CHPh), 4.85 (d, 1H, J = 8.2 Hz, H-1), 4.74
(s, 2H, -CHPh), 4.67 (d, 1H, J = 11.6 Hz, -CHPh), 4.59 (m, 4H, -CHPh, H-1’), 4.47 (m, 3H, -CHPh),
4.34 (d, 1H, J = 7.6 Hz, H-1’’), 4.28 (t, 1H, J = 3.3 Hz, H-3’’), 4.13 (dd, 1H, J = 10.2, 6.0 Hz, H-2),
3.99 (m, 3H, H-3, H-4, H-6’’), 3.88 (m, 3H, H-6, H-6’, H-6), 3.74 (bs, 1H, H-4’), 3.62 (m, 6H, H-5, H-
6’, H-6’’, H-5’’, O-CH2-CH2), 3.38 (m, 3H, CH2-CH2-N3, H-3’), 3.28 (m, 1H, H-5’), 1.88 (s, 3H, Ac),
1.80 (m, 2H, CH2-CH2-CH2). 13C-NMR:  (ppm) 170.80, 138.18, 138.02, 137.92, 137.76, 137.51,
137.39, 102.25, 100.38, 95.87, 80.14, 79.21, 78.97, 76.22, 75.89, 75.05, 74.69, 74.68, 74.53, 74.35,
73.15, 73.14, 72.53, 71.6, 70.01, 69.65, 68.85, 68.29, 66.19, 65.72, 62.19, 55.19, 47.93, 28.77, 22.82.
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3-aminopropyl 2-acetamido-4-O-{3-O-(-D-galactopyranosyl)--D-galactopyranosyl}-2-deoxy--
D-glucopyranoside (2): Pd/C (10 wt. % on activated carbon, 100 mg) was added to a solution of 11
(154 mg, 0.13 mmol) in tBuOH/H2O (2 mL, 11:4 v/v) and HCl (1 M in H2O, 500 µL) after which H2
was bubbled through the solution for 1h followed by stirring under an H2 atmosphere for 16h. TLC
analysis (ethyl acetate/pyr/AcOH/H2O, 8:7:1.6:1 v/v) showed full transformation of the starting
material into one lower running spot. The mixture was filtered over Hyflo, concentrated in vacuo and
lyophilized to afford compound 2 (96 mg, 0.13 mmol, quant.) as a white powder. Rf 0.32 (ethyl
acetate/pyr/AcOH/H2O, 8:7:1.6:1 v/v). []25D +64.3 (c = 0.5, H2O). 1H-NMR (D2O, TSP as internal
standard at  = 0 ppm):  (ppm) 5.15 (bs, 1H, H-1’’), 4.54 (2H, m, H-1, H-1’), 4.18 (2H, H-1’’, H-4’),
4.03-3.95 (m, 4H), 3.89-3.47 (m, 16H), 3.09 (t, 2H, CH2-CH2-NH2, J = 6.4 Hz), 2.06 (s, 3H, Ac), 1.96
(m, 2H, CH2-CH2-CH2). 13C-NMR (D2O, TSP as internal standard at  = 0 ppm):  (ppm) 176.0, 104.4,
102.7, 97.1, 80.4, 78.9, 76.6, 76.3, 75.2, 73.8, 72.4, 71.2, 70.9, 70.8, 69.8, 69.5, 66.5, 62.6, 61.7, 65.6,
39.2, 28.3, 23.8. ESI-HRMS calcd for C23H42O16N2 (M+H): 603.2607. Found: 603.2646.
3-[{2(S),3-bis(palmitamido)}-propanamido]propyl 2-acetamido-4-O-{3-O-(-D-galactopyranosyl)-
-D-galactopyranosyl}-2-deoxy--D-glucopyranoside (1): To a mixture of 2(S),3-bis-(9H-fluoren-9-
ylmethoxycarbonylamino)-propionic acid (26 mg, 46 µmol) and amine 2 (15 mg, 23 µmol) in
DMF/DMSO (2/1 v/v, 0.75 mL) were added BOP (46 µmol, 21 mg) and DiPEA (16 µL, 92 µmol) and
the mixture was stirred for 6h. Aminoacetaldehyde dimethyl acetal (5 µL, 46 µmol) was added and the
mixture was stirred for ½ h, after which DiPEA (8 µL, 46 µmol) was added and the reaction mixture
was concentrated in vacuo. The resulting syrup was triturated with Et2O, centrifuged and the
supernatant was removed. The precipitate was treated with  DCM/Et2O (1/1 v/v), centrifuged and the
supernatant removed. The resulting precipitate was mixed with CHCl3/MeOH/H2O (63/33/4 v/v) and
the slurry was centrifuged and the liquids removed. The resulting solid was dissolved in DMF/DMSO
(1 mL, 2:1 v/v) and DBU (14 µL, 92 µmol) was added. After 10 min, HOBt (16 mg, 115 µmol) was
added. This mixture was stirred for 5 min, after which EtSH (15 µL, 200 mol) was added and stirring
was continued for 5 min. Subsequently, the mixture was concentrated under vacuum and the residue
was dissolved in DMF/DMSO/CHCl3 (1 mL, 2:1:1 v/v). Palmitic acid N-hydroxysuccinimide ester 2








































mixture was concentrated under reduced pressure. The resulting solid was dissolved in boiling MeOH
and after cooling down the solution to 0ºC the formed precipitate isolated to provide the compound 1
(9.3 mg, 8 µmol, 35% over three steps) as an amorphous white solid. 1H-NMR (DMSO-d6 with internal
standard at 2.54 ppm, T = 303 K):  (ppm) 5.05 (d, 1H, J = 5.2 Hz, H-1), 4.83 (d, 1H, J = 3.5 Hz, H-
1’’), 4.63 (t, 1H, J = 5.1, CH-DAP), 4.64 (d, 1H, J = 7.7 Hz, H-1’), 4.59 (t, 1H, J = 6.1 Hz, H-3’), 4.55
(d, 1H, J = 5.0 Hz, H-4’’), 4.42 (t, 1H, J = 6.0 Hz, H-6), 4.35 (s, 1H, H-6’), 4.29 (m, 2H, H-6, H-6’’),
3.99 (t, 1H, J = 8.1 Hz, H-3), 3.84 (s, 1H, H-6’), 3.76 (m, 4H, H-6’’, O-CH2-CH2, H-5’), 3.63 (m, 2H,
H-5’’, H-3’’), 3.58 (m, 2H, H-2’, H-2’’), 3.51 (m, 4H, H-4, CH2-DAP, H-5), 3.37 (m, 2H, H-2, H-5’),
3.11 (m, 1H, CH2-CHH-NH2), 3.03 (m, 1H, CH2-CHH-NH2), 2.10 (t, 2H, J = 7.26 Hz, COCH2
palmitoyl), 2.02 (t, 2H, J = 7.20 Hz, COCH2 palmitoyl), 1.80 (s, 3H, Ac), 1.58 (t, 2H, J = 6.3 Hz, CH2-
CH2-CH2), 1.45 (m, 4H, COCH2CH2 palmitoyl), 1.23 (m, 48H, -CH2- palmitoyl), 0.84 (t, 6H, J = 6.7
Hz, -CH3 palmitoyl). ESI-HRMS calcd for C58H108N4O19 (M+Na): 1187.7500. Found: 1187.7501.
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Generic Synthesis of Phenylethanoid
Oligosaccharide Backbones
Abstract: A generic approach towards the synthesis of phenylethanoid tetramers
containing the 3-O-(-L-rhamnosyl)-glucoside core structure is described. First, a
suitably protected glucal is glycosylated with identical or different 1-hydroxyl donors.
The resulting trimeric glycals are then oxidatively coupled to 2-[3,4-di-(tert-
butyldimethylsilyloxy)phenyl] ethanol. This sequence of glycosylation events allows





Phenylethanoid glycosides (PhGs) are a class of compounds that is widely
distributed in the plant kingdom.[1] PhGs exhibit a wide array of biological functions
such as antistress, antioxidant, antibacterial and immunosuppressant activities.
Generally, PhGs are characterised by a central glucose unit, which is -linked to a 2-
phenylethanol moiety. Furthermore, the glucose component is functionalised with an
aromatic acid (such as cinnamic acid, caffeic acid or ferulic acid) and can be further
substituted with one or more monosaccharides.
Figure 1: General structure of the largest class of PhGs; R’, R” = monosaccharide.
Among the PhGs, structures of type A (Figure 1) in which the central glucose
carries an -L-rhamnoside on its 3-OH function, represent the largest known family
(Figure 1). In most cases, the aromatic acid is located on the glucose 4-OH and a
diversity of substituents, mostly monosaccharides, can be found on either the 6- or 2-
OH functions. For instance, the 6-OH can be glycosylated with an -L-rhamnoside
(e.g. brandiosides and poliumosides), a -D-galactoside (e.g. jionosides and
purpureaside C) or a -D-glucoside (e.g. cistanoside A, neoacteoside). Alternatively,
the 2-OH can also be -L-rhamnosylated (crassifolioside). As part of an ongoing
program concerning the synthesis of biologically active oligosaccharides,[2] a generic
approach towards the synthesis of phenylethanoid trisaccharide backbones containing
the phenylethanoid 3-O-(-L-rhamnosyl)-glucoside core structure (R’ =
monosaccharide, R’’ = H) is presented in this chapter.
Results and discussion
A successful generic synthesis of PhG oligomers of type A depends on the
availability of an orthogonally protected glucose building block which allows the -
selective glycosylation with the 2-phenylethanol moiety, the sequential stereo- and
regioselective introduction of the projected monosaccharides at the 2-OH, 3-OH and
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aromatic acid. The incompatibility of the aromatic ester with protecting groups which
are removed under reductive or basic conditions as well as the possibility of
unwelcome acyl migration dictate that this ester group should be introduced at the end
of the synthesis. Therefore, the first stage en route to PhGs comprises the sequential
installation of monosaccharides on the 3- and 6-OH and the introduction of the
phenylethanol moiety at the anomeric center of the central glucose. As a consequence,
the 4-OH of the glucose core requires a relatively stable protecting group, which can
be regioselectively removed after construction of the phenylethyl-oligosaccharide.
Masking the 4-OH as a benzyl ether ensures stability to a variety of reaction
conditions and it seemed feasible that
chemoselective cleavage of the benzyl
ether could be implemented in the effective
acylation-deprotection sequence as
described for the total synthesis of
verbascoside (A, R’ = R’’ = H) by
Duynstee et al.[2b] As glucals can be
orthogonally protected with relative ease
and their glycosylation with sterically
accessible acceptors proceeds with high -
selectivity,[3,4] an appropriately protected
glucal was selected as starting compound.
The favourable results obtained with
sulfonium ion mediated glycosylations were an incentive to examine whether such a
protected glucal can serve as an acceptor in this type of condensation. To this end
glucal 4 was prepared by the following sequence of reactions (Scheme 1).[5]
Regioselective pivaloylation
(PivCl, pyr.) of the allylic alcohol
in known 6-O-TBS glucal 1[6]
afforded compound 2 in good
yield. Ensuing benzylation of the
remaining hydroxyl group gave 3
in 91% yield. Reductive removal of
the ester in 3 with LiAlH4 afforded
allylic alcohol 4 in 79% yield.
The search for an
orthogonal glycosylation procedure
in which glucal 4 functions as the acceptor started with the use of a thiodonor. 1-





















Reagents and conditions: i. PivCl, pyr., 85%; 













5a: R = 1-piperidino (BSP)
  b: R = Ph (DPS)
5d: R = 1-piperidino





(Scheme 2) mediated coupling of known thiorhamnoside 6,[8] equipped with a 2,3-O-
isopropylidene function to ensure -selectivity,[9,10] with glucal acceptor 4 showed the
formation of one major product as gauged by TLC analysis. However, work-up of the
reaction afforded a complex mixture of products, from which only a small amount of
the expected disaccharide 7 could be isolated (Scheme 3). This result can be explained
by reaction of the glucal double bond with (N-piperidinyl)phenyl(S-
thiophenyl)sulfonium triflate 8[11] generated during activation of the thiodonor. This
notion is supported by the results obtained in the oxidative coupling of glycals
mediated by diphenylsulfoxide (DPS) 5b/Tf2O during which the related
diphenylsulfide bis(triflate) 5e is generated.[4,12] Unfortunately, timely addition of
triethyl phosphite to quench any electrophilic species, which proved to be effective in
suppressing side reactions in the BSP/Tf2O mediated chemoselective glycosylation of
thiodonors,[10,13] did not lead to an improved yield of 7.
Scheme 3
Reagents and conditions: i. 6, BSP/Tf2O, TTBP, DCM, -60ºC, then 4, <10%; ii. 6, BSP/Tf2O, TTBP,
DCM, -60ºC, then 4 followed by (EtO)3P, <10%; iii. NIS/TMSOTf, DCM, H2O, 86%; iv. 9, DPS/Tf2O,
TTBP, DCM, -40ºC, then 4 77%; v. DMD, acetone; vi. 10, ZnCl2, THF, 50% over the 2 steps.
Next, attention was focussed on the coupling of 4 with 1-hydroxylrhamnose 9
using the DPS/Tf2O mediated dehydrative coupling protocol of Gin.[4] Although the
transiently formed sulfonium species 5e functions as an activator of the anomeric
hydroxyl function in this coupling method, 5b is regenerated as a neutral by-product.


































6: R = -SPh
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using N-iodosuccinimide (NIS)/trimethylsilyltrifluoromethanesulfonate (TMSOTf).
Ensuing condensation of 9 and 4 proceeded without incident affording dimeric glucal
7 in 77% yield with an : ratio of 7:1.[15] The favourable outcome of the DPS/Tf2O
mediated dehydrative glycosylation was an incentive to execute the oxidative
coupling of glucal 7 with 2-[3,4-di-(tert-butyldimethylsilyloxy)phenyl] ethanol 10[2b]
using the same set of reagents,[4] thereby exploring the viability of a one-pot two step
glycosylation protocol. However, direct oxidative coupling of glycal 7 with 10 under
the influence of DPS/Tf2O led to an intractable mixture of products. Next, the
‘classic’ two step glucal coupling approach was investigated.[3] 3,3-Dimethyldioxirane
(DMD) mediated epoxidation of glucal 7 followed by ZnCl2 mediated nucleophilic
opening of the resulting anhydrosugar with excess 10 afforded verbascoside precursor
11 as the sole isomer in 50% yield. Encouraged by the latter results, the construction
of tetrameric structures was explored. Poliumoside precursor 14, in which the glucose
core carries two -rhamnosides, was selected as a first target (Scheme 4).
Scheme 4
Reagents and conditions: i. 9, DPS/Tf2O, TTBP, DCM, -40ºC, then 12 (0.5 eq.), 71%; ii. DMD,






























































Preactivation of rhamnoside 9 with DPS/Tf2O followed by addition of 0.5 eq. of
glucal diol 12[16] afforded trisaccharide 13 in 71% yield. Ensuing oxidative coupling
of glucal 13 with phenylethanol 9 generated both the desired -linked glucoside 14 as
well as the -linked mannoside 15 in low yields, indicating that the epoxidation of 13
proceeded with low stereoselectivity.
Tetramers decorated with different saccharides at the 3- and 6-OH glucose
position could be prepared by executing the following procedure (Scheme 5).
Scheme 5
Reagents and conditions: i. 16, DPS/Tf2O, TTBP, DCM, -40ºC, then 4, 83%; ii. TBAF, THF, 80%; iii.
19, DPS/Tf2O, TTBP, DCM, -40ºC, then 18, 64%; iv. DMD, acetone; v. 10, ZnCl2, THF, 40%.
3-O-Benzoyl rhamnose donor 16, obtained from NIS/TMSOTf mediated hydrolysis of
its known 1-thiophenyl counterpart,[17] was condensed with allylic alcohol 4 to give
dimer 17 in 83% as the sole isomer. Fluoride-ion assisted removal of the TBS group
in 17 afforded primary alcohol 18 in 80% yield. Ensuing DPS/Tf2O mediated














































17: R = TBS
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yield. Oxidative coupling of 20 with 10 afforded jionoside backbone 21 in 40% yield
over the 2 steps and no other isomers were detected.
Conclusion
In conclusion, an approach to a generic synthesis of the largest family of
phenylethanoid glycosides is presented. First, a suitably protected glucal is decorated
with monosaccharides by dehydrative coupling of the projected monosaccharides. The
resulting trimeric glycals are then oxidatively coupled to a properly protected
dihydroxyphenyl ethanol moiety. By the here described methodology, complex
structures can be prepared from easily accessible building blocks in a concise
sequential manner. The degree of success in terms of stereoselectivity and yield in the
oxidative glucal coupling strongly depends on the substituent located at the 6-OH of
the glucal. Optimisation of the latter coupling reactions and synthesis of the natural
compounds by the development of an appropriate acylation-deprotection sequence are




General methods: Dichloromethane was refluxed with P2O5 and distilled before use. 1-
Benzenesulfinylpiperidine (BSP) and tri-tert-butylpyrimidine (TTBP) were synthesised as described by
Crich et al.[7,19] Trifluoromethanesulfonic anhydride (Tf2O) was stirred for 3 hours on P2O5 and
subsequently distilled. All other chemicals (Fluka, Acros, Merck, Aldrich, Sigma) were used as
received. Reactions were performed under an inert atmosphere under strictly anhydrous conditions
unless stated otherwise. Traces of water from reagents used in reactions that require anhydrous
conditions were removed by coevaporation with toluene or dichloroethane. Molecular sieves (3 and
4Å) were flame dried before use. Column chromatography was performed on Fluka Silica gel 60 (0.04-
0.063 mm, 230-400 mesh ASTM). TLC analysis was conducted on DC-alufolien (Merck, Kieselgel 60
F254). Compounds were visualised by UV absorption (254 nm), and by spraying with 20% H2SO4 in
ethanol, with a solution of ninhydrin 0.4 g in EtOH (100 mL) containing acetic acid (3 mL) or with a
solution of (NH4)6Mo7O24·4H2O 25g/L, followed by charring at ± 140ºC. 1H and 13C NMR spectra
were recorded with a Bruker DPX 300 (300 and 75.1 MHz), a Bruker AV 400 (400 and 100 MHz) or a
Bruker DMX 600 (600 and 125 MHz). NMR spectra were recorded in CDCl3 with chemical shifts ()
relative to tetramethylsilane unless stated otherwise. Mass spectra were recorded on a PE/SCIEX API
165 equipped with an Electrospray Interface (Perkin-Elmer) or a Finnigan LTQ-FT (Thermo Electron).
Optical rotations were recorded on a Propol automatic polarimeter.
1,5-Anhydro-3-O-pivaloyl-6-O-tert-butyldimethylsilyl-2-deoxy-D-arabino-hex-1-
enitol (2): A solution of compound 1 (6.50 g, 25 mmol) and DMAP (0.31 g, 2.5
mmol) in dry pyridine (50 ml) was cooled to -35oC and PivCl (3.2 ml; 25 mmol) was
added. The reaction mixture was allowed to warm up to slowly to 25oC over a period of 9h. The
solution was poured into diethylether (200 ml) and subsequenly washed with water (2x 100 ml) and
brine (2x 100 ml). The combined aqueous washings were extracted with diethylether (2x 50 ml), and
the total combined organics were dried, filtered and concentrated in vacuo. The residue was purified by
silica gel chromatography (light petroleum → diethylether/light petroleum, 1/20 v/v) to provide
compound 2 (7.0 g, 28 mmol, 85 %) as a clear colorless oil. 1H-NMR:  (ppm) 6.41 (dd, 1H, J = 6.0,
1.2 Hz, H-1), 5.22 (d, 1H, J  = 4.0 Hz, H-3), 4.66 (dd, 1H, J = 6.0, 2.4 Hz, H-2), 3.92 (m, 3H, 2x H-6,
H-5), 3.85 (m, 1H, H-4), 3.42 (bs, 1H, OH), 1.22 (s, 9H, 3x CH3 Piv), 0.90 (s, 9H, 3x CH3 t-Bu
TBDMS), 0.05 (s, 6H, 2x CH3 TBDMS). 13C-NMR:  (ppm) 179.7 (C=O Piv), 145.9 (C-1), 98.8 (C-2),
78.0, 72.7, 68.4 (C-3, C-4, C-5), 62.7 (C-6), 38.8 (Cq Piv), 27.1 (CH3 Piv), 25.9 (CH3 tBu TBDMS),
















arabino-hex-1-enitol (3): A mixture of compound 2 (2.97 g, 9.0 mmol) and BnBr
(1.30 ml, 10.84 mmol) in THF (100 ml) was chilled to 0oC and a solution of KH
(1.24 g, 10.84 mmol; 1.2 equiv, 35% dispersion in mineral oil) in THF (5 mL) was added. The mixture
was allowed to warm up to rT and after stirring for 9 h TLC analysis (ethylacetate/light petroleum, 3/17
v/v) showed complete consumption of the starting compound. Water was added and the aqueous layer
was extracted with diethyl ether. The organic layer was dried (MgSO4) filtered and concentrated in
vacuo. Purification of the residue by silica gel chromatography (light petroleum→ ethyl acetate/light
petroleum, 1/20 v/v) provided glycal 3 (3.55 g, 8 mmol, 91%) as a yellowish syrup. 1H-NMR:  (ppm)
7.24 (m, 5H, H arom..), 6.41 (d, 1H, J = 6.0 Hz, H-1), 5.24 (dd, 1H, J = 11.6, 3.4 Hz, H-3), 4.68 (m,
3H, CH2 Bn, H-2), 3.97 (m, 2H, H-2, H-5), 3.88 (m, 2H, 2x H-6), 1.21 (s, 9H, 3x CH3 Piv), 0.91 (s, 9H,
3x CH3 t-Bu TBDMS), 0.05,(s, 6H, 2x CH3 TBDMS). 13C-NMR:  (ppm) 178.0 (C=O Piv), 145.7 (C-
1) 138.1 (Cq Ph), 129.0, 128.8, 128.4, 127.8, 127.7 (C-Harom.), 98.8 (C-2), 78.0, 73.2, 70.2 (C-3, C-4,
C-5), 73.6 (CH2 Bn) 61.5 (C-6), 33.5 (Cq Piv), 29.7 (CH3 Piv), 25.9 (CH3 tBu TBDMS), 18.4 (Cq  tBu
TBDMS) -5.3 (CH3 TBDMS). ESI-HRMS calcd for C24H38O5Si (M+NH4): 452.2827. Found:
452.2829.
1,5-Anhydro-4-O-benzyl-6-O-tert-butyldimethylsilyl-2-deoxy-D-arabino-hex-1-
enitol (4): A solution of compound 3 (3.86 g, 8.9 mmol) in dry Et2O (50 ml) was
chilled to 0oC and a solution of LiAlH4 (0.39 g, 10.2 mmol) in Et2O (5 ml) was
added. After 1h, TLC analysis (ethyl acetate/ight petroleum, 1/4 v/v) showed complete conversion of
the starting compound. The reaction was quenched by dropwise addition of methanol and diluted with
diethyl ether and subsequently washed with water. The organic layer was dried (MgSO4), concentrated
in vacuo and purified by silica gel chromatography (light petroleum → ethyl acetate/light petroleum,
1/20 v/v) to provide compound 4 (2.5 g, 7.1 mmol, 79%) as a white solid. 1H-NMR:  (ppm) 7.34-7.26
(m, 5H, H arom.), 6.36 (dd, 1H, J = 6.0, 1.6 Hz, H-1), 4.79 (s, 2H, CH2 Bn), 4.71 (dd, 1H, J = 6.0, 3.2
Hz, H-2), 4.29 (dd, 1H, J = 5.6, 2.0 Hz, H-3), 3.95 (d, 2H, J = 2.8 Hz, H-6), 3.85 (m, 1H, H-5), 3.68
(dd, 1H, J =10.0, 2.0 Hz, H-4) 2.81 (s, 1H, OH), 0.91 (s, 9H, 3x CH3 t-Bu TBDMS), 0.09,(s, 6H, 2x
CH3 TBDMS). 13C-NMR:  (ppm) 144.5 (C-1), 138.2 (Cq Ph), 128.4, 127.7 (C-H arom.), 102.2 (C-2),
77.6, 76.7, 68.1(C-3, C-4, C-5), 73.7 (CH2 Bn) 62.4 (C-6), 25.7 (CH3 tBu TBDMS), 18.2 (Cq tBu
TBDMS), -5.4 (CH3 TBDMS). ESI-HRMS calcd for C19H30O4Si (M+NH4): 368.2257. Found:
368.2264.
4-O-tert-butyldimethylsilyl-2,3-O-isopropylidene-L-rhamnose (9): To a
solution of phenyl 4-O-tert-butyldimethylsilyl-2,3-O-isopropylidene-1-thio--








µl, 12 mmol). A solution of NIS (2,305 g; 10,25 mmol) and TMSOTf (62 µl; 0,34 mmol) in DCM/THF
(25 ml) was added slowly over 45 minutes. Thereafter, the reaction mixture was stirred at rT until TLC
analysis (ethyl acetate/light petroleum, 1/9, v/v) showed full consumption of the starting material. The
reaction mixture was quenched by adding aq. Na2S2O3 (1 M). The organic layer was subsequently
washed with brine, dried (MgSO4), filtered, concentrated and subjected to silicagel column
chromatography (ethyl acetate/light petroleum 1/10 → 1/1 v/v) affording lactol 9 (1.33 g, 4.17 mmol;
86%) as a white solid (: = 20:1).  9: IR (thin film): 3456.2, 2931.6, 1512.1, 1458.1, 1380.9 1242.1,
1103.2 1049.2 cm-1. 1H-NMR:  (ppm) 5.31 (d, 1H, J = 3.8 Hz, H-1), 4.14 (dd, 1H, J = 0.4, 6.3 Hz, H-
2), 4.07 (dd ,1H, J = 6.3, 6.6 Hz, H-3), 3.38 (dd, 1H, J = 6.6, 8.8 Hz, H-4), 1.50, 1.33 (2x CH3
isopropylidene), 1.23 (d, 3H, J = 6.4 Hz, H-6), 0.88 (s, 9H, tBu TBDMS), 0.14, 0.08 (2x s, 6H, Me
TBDMS). ESI-HRMS calcd for (M+Na): 341.1755. Found: 341.1745.
1,5-Anhydro-4-O-benzyl-6-O-tert-butyldimethylsilyl-3-(4-O-tert-
butyldimethylsilyl-2,3-O-isopropylidene--L-rhamnosyl)-2-deoxy-
D-arabino-hex-1-enitol (7): A solution of rhamnose 9 (318 mg, 1
mmol), DPS (404 mg, 2 mmol, 2eq), TTBP (745 mg; 3 mmol; 3 eq)
in DCM (20 ml) containing 4Å Ms was cooled to -60°C and Tf2O
(240 µl, 1.4 eq) added. The resulting mixture was allowed to warm to
-40 °C. After 2h of stirring a solution of glucal acceptor 4 (369 mg; 1.05 mmol; 1.05 eq) in DCM (25
ml) was added. The resulting mixture was allowed to warm up to rT and the reaction was monitored by
TLC analysis (ethyl acetate/ light petroleum 1:9 v/v). The crude mixture was quenched with Et3N
filtered. The filtrate was subsequently washed with saturated sodium bicarbonate solution and saturated
sodium chloride solution, dried (MgSO4), filtered, concentrated and subjected to silicagel column
chromatography (light petroleum → ethyl acetate/light petroleum 1:3 v/v). The title compound (442
mg, 0.68 mmol, 68%) was isolated as a white foam. []25D +5.0 (c = 0.26, CHCl3). IR (thin film):
2931.6, 2854.5, 1651.1, 1542.9 1465.8, 1380.9, 1249.8, 1087.8 cm-1. 1H-NMR:  (ppm) 7.42-7.30 (m,
H arom.), 6.45 (d, 1H, J = 6.0 Hz, H-1), 5.24 (s, 1H, H-1’), 4.90 (dd, 1H, J = 2.0, 6.1 Hz, H-2), 4.83 (d,
2H, J = 11.2 Hz, CH2 Bn), 4.49 (d, 1H, J = 6.0 Hz, H-3), 4.10-4.00 (m, 2H, H-3’, H-6), 3.90-3.80 (m,
3H, H-5, H-2’, H-4), 3.78 (m, 1H, H-5’), 3.40 (dd, 1H, J = 7.0, 9.8 Hz, H-4’), 1.58, 1.40 (2x s, 6H, CH3
isopropylidene), 1.20 (d, 3H, J = 6.0 Hz, H-6), 0.98, 0.96 (2x s, 18H, tBu TBDMS), 0.22, 0.15 (2x s
12H, 3x CH3 TBDMS). 13C-NMR:  (ppm) 145.0 (C-1), 138.0 (Cq Bn), 128.4, 128.1, 127.7 (3x C-H
arom.), 108.9 (Cq isopropylidene), 97.6, 93.1, 79.1, 78.1, 76.3, 75.9, 74.4 (CH2 Bn), 74.1, 70.5, 66.2,
61.5 (C-6), 28.1, 26.4 (2x CH3 isopropylidene), 25.9, 25.7 (2x tBu TBDMS), 18.3, 18.0 (2x Cq tBu














deoxy-D-arabino-hex-1-enitol (7): Isolated as a colorless oil (58
mg, 0.09 mmol, 9%). IR (thin film): 2931.6, 2854.5, 1712.2,
1651.0, 1542.9, 1458.1, 1373.2, 1249.8, 1072.3 cm-1. 1H-NMR: 
(ppm) 7.50-7.30 (m, 5H, H arom.), 6.37 (d, 1H, J = 6.0 Hz, H-1), 5.00-4.95 (m, 2H, H-1’, H-2), 4.92
(d, 2H, J = 1.6 Hz, CH2 OBn), 4.10-4.00 (m, 2H, H-4, H-2’), 3.98 (dd, 2H, J = 11.6, 2.0 Hz, H-6), 3.92
(dd, 1H, J = 6.0, 6.4 Hz, H-3’), 3.90-3.85 (m, 1H, H-5), 3.48 (dd, 1H, J = 6.4, 9.2 Hz, H-4’), 1.63, 1.45
(2x s, 6H, CH3 isopropylidene), 1.34 (d, 3H, J = 6.4 Hz, H-6’), 0.98, 0.95 (2x s, 18H, tBu TBDMS),
1.34 (d, 3H, J = 6.4 Hz, H-6’), 0.15, 0.12, 0.11 (4x s, 12H, 4x CH3 TBDMS). 13C-NMR:  (ppm) 144.5
(C-1), 138.7 (Cq Bn), 128.5, 127.9, 127.8 (3x C-H arom.), 110.4 (Cq isopopylidene), 102.01 (C-2), 99.5
(C-1’), 80.6, 78.7, 78.4, 75.7, 76.0, 74.9, 72.2 (C-3, C-4, C-5, C-2’,C-3’, C-4’, C-5’), 74.5 (CH2 Bn),
61.7 (C-6), 28.1, 26.4, (2x CH3 isopropylidene), 25.9, 25.8 (2x tBu TBDMS), 18.2 (C-6’), 18.1 (Cq tBu
TBDMS), -4.0, -4.9, -5.1 (3x CH3 TBDMS).
2-[3,4-Di-(tert-butyldimethylsilyloxy)phenyl]ethyl 4-O-benzyl-6-O-tert-butyldimethylsilyl-3-O-(4-
O-tert-butyldimethylsilyl-2,3-O-isopropylidene--L-rhamnosyl)--D-glucopyranoside (11): To a
solution of glucal dimer 7 (75 mg; 0.1 mmol) in DCM (0.5 ml) at 0 °C was added DMD (2 ml; 0.8 M
in acetone). After 5 min, TLC analysis (ethyl acetate/light petroleum 1:4 v/v) revealed full
consumption of the starting material. The mixture was concentrated and dissolved in THF (0.5 ml). A
solution of 10 (100 mg in 0.5 ml THF) was added and the mixture was cooled to 0 °C. ZnCl2 was
added dropwise and the mixture was stirred (10 min). Subsequently, the mixture was diluted with ethyl
acetate and washed with saturated sodium bicarbonate solution and saturated sodium chloride solution,
dried (MgSO4), filtered, concentrated and subjected to silicagel column chromatography (light
petroleum→ethyl acetate/ light petroleum 1:3 v/v) to give 11 (52 mg; 0.05 mmol; 50%) as an oil. IR
(thin film): 2931.6, 2854.5 1735.8, 1512.1, 1465.8, 1380.9, 1249.8, 1095.5 cm-1. 1H-NMR: 7.40-7.20
(m, 5H, C-H arom.), 6.80-6.60 (m, 3H, C-H arom.), 5.66 (s, 1H, H-1’), 4.71 (d, 2H, J = 10.4 Hz, CH2
Bn), 4.24 (d, 1H, J = 5.6 Hz, H-2’), 4.20 (d, 1H, J = 5.6 Hz, H-1), 4.10-3.90 (m, 2H, H-3’, O-CHH-
CH2), 3.89-3.85 (m, 3H, H-3, H-6), 3.80-3.70 (m, 1H, H-5’), 3.63 (m, 1H, O-CHH-CH2), 3.52 (dd, 1H,
J = 6.3, 9.4 Hz, H-4), 3.45 (dd, 1H, J = 4.4, 8.4 Hz, H-2), 3.35-3.27 (m, 2H, H-4’, H-5), 2.79 (t, 2H, J =



























D-arabino-hex-1-enitol (13): A solution of rhamnose 9 (700
mg, 2.2 mmol), DPS (808 mg, 4 mmol, 2eq), TTBP (1500 mg;
6 mmol; 3 eq) in DCM (50 ml) containing 4Ǻ Ms was cooled
to -60°C and Tf2O (480 µl, 1.4 eq) was added. The resulting
mixture was allowed to warm to -40 °C. After 2h of stirring a
solution of glucal acceptor 12 (259 mg; 1.1 mmol; 0.5 eq) in DCM (25 ml) was introduced to the
activated rhamnose. The resulting mixture was allowed to warm up to rT and was monitored by TLC
analysis (ethyl acetate/light petroleum 1:3 v/v). The crude mixture was quenched with Et3N and
filtered. The filtrate was subsequently washed with saturated sodium bicarbonate solution and saturated
sodium chloride solution, dried (MgSO4), filtered, concentrated and subjected to silicagel column
chromatography (light petroleum→ethyl acetate/ light petroleum 1:3 v/v). The desired compound was
isolated as a white foam (594 mg; 0.71 mmol; 71%). []25D -25.6 (c = 1.0, CHCl3). IR (thin film):
2929.7, 2898.8, 1558.4, 1456.2, 1380.9, 1244.0, 1218.9, 1174.6, 1082.0 cm-1. 1H-NMR: (δ) 7.34-7.25
(m, 5H, H arom.), 6.43 (d, 1H, J = 6.1 Hz, H-1), 5.20, 4.97 (2x s, 2x 1H, H-1’, H-1’’), 4.91 (dd, 1H, J =
2.6, 6.1 Hz, H-2), 4.73 (d, 2H, J = 10.8 Hz, CH2 Bn), 4.43 (d, 1H, J = 6.0 Hz, H-3), 4.14, 4.10 (2x d, 2x
1H, J = 5.6 Hz, H-2’, H-2’), 4.10-4.05 (m, 1H, H-5), 4.03-3.94 (m, 3H, H-3’, H-3’’, H-6), 3.80-3.70
(m, 2H, H-6, H-4), 3.70-3.50 (m, 2H, H-5’, H-5’’), 3.37-3.30 (m, 2H, H-4’, H-4’’), 1.53, 1.52, 1.35,
1.33 (4x s, 12 H, CH3 isopropylidene), 1.20, 1.16 (2x d, 6H, J = 6.0 Hz, H-6’, H-6’’), 0.89, 0.88 (2x s,
18H, CH3 tBu TBDMS), 0.16, 0.15, 0.10, 0.09 (4x s, 12 H, CH3 TBDMS). 13C-NMR:  (ppm) 145.0
(C-1), 137.6 (Cq Bn), 128.5, 128.1, 128.0 (3x C-H arom.), 109.1, 108.9 (2x Cq isopropylidene), 87.7,
97.5, 93.1, 79.1, 79.0, 76.6, 76.3, 76.1, 75.9, 75.8, 75.6, 74.6, 74.4 (CH2 Bn), 70.4, 66.5, 66.0, 65.8 (C-
6), 28.1, 26.4 (2x CH3 isopropylidene), 25.9 (CH3 tBu TBDMS), 18.1 (Cq TBDMS), 17.7, 17.7 (C-6’,
















rhamnosyl)--D-glucopyranoside (14): To a solution of 13 (62 mg; 95 µmol) in DCM (2 ml) at 0 °C
was added DMD (2 ml; 0.8 M in acetone). After TLC analysis (ethyl acetate/toluene 1:4 v/v) showed
full conversion of the starting material, the resulting mixture was concentrated and dissolved in THF (2
ml). 10 (182 mg, in 0.5 ml THF) was added and the mixture was cooled to 0 °C. ZnCl2 was added
dropwise and the mixture stirred for 10 min. The crude mixture was subsequently diluted with ethyl
acetate and washed with saturated sodium bicarbonate solution and saturated sodium chloride solution,
dried (MgSO4), filtered, concentrated and subjected to silicagel column chromatography (light
petroleum→ethyl acetate/light petroleum 1:3 v/v) to give 14 (11 mg, 9 mol, 9%) as a colourless oil.
1H-NMR: 7.35-7.26 (m, 5H, H arom.), 6.63-6.60 (m, 3H, H arom.), 5.73 (s, 1H, H-1’), 4.90 (s, 1H, H-
1’’), 4.8 (dd, 1H, J = 4.8, 11.0 Hz, H-2), 4.56-4.47 (m, 2H, H-3, H-1), 4.24 (d, 1H, J = 5.2 Hz), 4.05-
3.96 (m, 2H, H-3’, H-3’’), 3.93-3.82 (m, 2H, H-6, O-CHH-CH2), 3.78 (m, 2H, H5’’, H-4), 3.68-3.53
(m, 3 H, H-5, H-5’’, O-CHH-CH2), 3.43-3.32 )(m, 2H, H-4’, H-4’’), 2.78 (t, 2H, J = 7.2 Hz, O-CH2-
CH2), 1.18 (d, 3H, J = 6.0 Hz ,H-6’), 1.12 (d, 3H, J = 5.6 Hz ,H-6’), 0.98, 0.71, 0.89, 0.87 (4x s, 36 H,
tBu TBDMS), 0.18, 0.16, 0.15, 0.14, 0.13, 0.08, 0.07, 0.06 (8x s, 24 H, CH3 TBDMS).
2-[3,4-Di-(tert-butyldiemthylsilyloxy)phenyl]ethyl 4-O-benzyl-3-O-(4-O-tert-butyldimethylsilyl-
2,3-O-isopropylidene--L-rhamnosyl)-6-O-(4-O-tert-butyldi-methylsilyl-2,3-O-isopropylidene--
L-rhamnosyl)--D-mannopyranoside (15): Isolated as a colorless oil (7 mg, 6 mol, 6%). IR (thin
film): 3741.6 2931.6, 285.5, 1743.5, 1651.0, 1512.1, 1458.1, 1380.9, 1249.8, 1087.8 cm-1H-NMR: 










































4.85 (d, 1H, J = 1.6 Hz, H-1), 4.65 (d, 2H, J = 10.4 Hz, CH2 Bn), 4.20 (d, 1H, J = 5.6 Hz, H-2’), 4.14
(dd, 1H, J = 3.0, 8.6 Hz, H-3), 4.10 (d, 1H, J = 6.0 Hz, H-2’’), 4.10-3.95 (m, 3H, H-2, H-3’’, H-3’),
3.90 (d, 2H, J = 10.4 Hz, H-6), 3.85-3.65 (m, 3H, H-4, H-5’, O-CHH-CH2), 3.65-3.50 (m, 3H, H-5’’,
O-CHH-CH2, H-5’), 3.40-3.25 (m 2H, H-4’, H-4’’), 2.74 (t, 2H, J = 7.2 Hz, O-CH2-CH2), 1.53, 1.50,
1.36, 1.31 (4x s, 12H, CH3 isopropylidene), 1.20 (d, 3H, J = 6.4 Hz, H-6’’), 1.11 (d, 3H, J = 6.4 Hz, H-
6’), 0.97, 0.96, 0.89, 0.88 (4x s, 36 H, tBu TBDMS), 0.17, 0.16, 0.15, 0.14, 0.13, 0.08, 0.07, 0.06 (8x s,
24 H, CH3 TBDMS).
4-O-Benzoyl-2,3-O-isopropylidene-L-rhamnose (16): To a solution of phenyl 4-
O-benzoyl-2,3-O-diisopropylidene-1-thio--L-rhamnopyranoside (1.76 g, 5.6
mmol) in DCM (125 ml) was added H2O (270 µl, 15 mmol). This solution was
treated with a solution of NIS (2.692 g, 11.96 mmol, 2 eq) and TMSOTf (73 µl,
0,4 mmol) in DCM/THF (125 ml/5 ml) by dropwise addition over 45 minutes at rT. The reaction was
monitored by TLC analysis (ethyl acetate/toluene, ¼ v/v) and after full consumption of the starting
material, Na2S2O3 aq. (1 M) was added. The organic layer was subsequently washed with brine, dried
(MgSO4), filtered, concentrated and subjected to silicagel column chromatography (1/10 → 1/1 ethyl
acetate/light petroleum) to give 16 (1,68 g, 5,44 mmol, 97%) as a white solid as a mixture of anomers
(: = 1:2.4). 16: IR (thin film): 3448.5 2985.6, 1720.4, 1103.2 1056.9 cm-1. 16 1H-NMR:  (ppm)
8.10-7.45 (m, 5H, H arom.), 5.46 (s, 1H, H-1), 5.12 (dd, 1H, J = 7.9, 10.0 Hz, H-4), 4.36 (dd, 1H, J =
5.3, 7.9 Hz, H-3), 4,19 (d, 1H, J = 5.3 Hz, H-2), 4.11 (m, 1H, H-5), 3.87 (s, 1H, OH), 1.61, 1.34 (2x s,
6H, CH3 isopropylidene), 1.19 (d, 3H, J = 6.0 Hz, H-6). 13C NMR:  (ppm):165.8 (C=O), 133.1, 129.8,
129.5 (3x C-H arom.); 109.8 (Cq isopropylidene), 91.7 (C-1), 76.2 (C-2), 75.5 (C-3), 75.0 (C-4), 64.2
(C-6), 27.5, 26.3 (2x CH3 isopropylidene), 17.1 (C-6). 16: 1H NMR  (ppm) 8.11-7.35 (m, 5H, H
arom.), 6.41 (s, 1H, H-1), 5.15 (dd, 1H, J = 7.8, 9.8 Hz, H-4), 4.38 (dd, 1H, J = 5,3, 7.8 Hz, H-3), 4.18
(d, 1H, J = 5.3 Hz, H-2), 3.95 (m, 1H, H-5), 1.59, 1.32 (2x s, 6H, CH3 isopropylidene), 1.20 (d, 3H, J =
6.0 Hz, H-6). 13C-NMR:  (ppm) 165.4 (C=O), 133.2, 129.6, 128.3 (3x C-H arom.), 110.3 (Cq




(17): A solution of rhamnose 16 (616 mg, 2 mmol), DPS (808 mg, 4
mmol, 2eq), TTBP (1490 mg; 6 mmol; 3 eq) in DCM (40 ml) containing
4Å Ms was cooled to -60°C and Tf2O (436 µl, 1.4 eq) was added. The
resulting mixture was allowed to warm to -40°C. After 1h, glucal acceptor
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allowed to warm up to rT and was monitored by TLC analysis (ethyl acetate/light petroleum 1:4 v/v).
The crude mixture was quenched with Et3N and filtered. The filtrate was subsequently washed with
saturated sodium bicarbonate solution and saturated sodium chloride solution, dried (MgSO4), filtered,
concentrated and subjected to silicagel column chromatography (light petroleum→ethyl acetate/light
petroleum 1:3 v/v) to give the desired compound (871 mg; 1,655 mmol; 83%) as a white foam. []25D -
54.0 (c =1.0, CHCl3). IR (thin film): 2929.7, 2854.5, 1724.2, 1600.8, 1452.3, 1373.2, 1267.1, 1068.5,
1026.1 cm-1. 1H-NMR:  (ppm) 8.0-7.2 (m, 10H, H arom.), 6.44 (d, 1H, J = 6.0 Hz, H-1), 5.30 (s, 1H,
H-1’), 5.13 (dd, 1H, J = 6.0, 3.0 Hz, H-4’), 4.87 (dd, 1H, J = 2.0, 6.0 Hz, H-2), 4.85 (s, 2H, CH2 Bn),
4.50 (d, 1H, J = 6.0 Hz, H-3), 4.31 (dd, 1H, J = 6,6, 3.0 Hz, H-3’), 4.20 (d ,1H, J = 5.2 Hz, H-2’), 4.02
(m, 5H, H-5’, H-4, H-5, H-6), 1.65, 1.37 (2x s, 6H, CH3 isopropylidene), 1.10 (d, 2H, J = 6.4 Hz, 2x H-
6’), 0.95 (s, 9H, tBu TBDMS), 0,12, 0,11 (2x s, 6H, Me TBDMS). 13C-NMR:  (ppm) 165.7 (Cq C=O),
145.3 (C-1), 138.2 (Cq arom.), 133.1, 129.8, 128.4, 128.3, 127.9, 127.7 (C-H arom.), 109.9 (Cq
isopropylidene); 97.6 (C-2), 93.2 (C-1’), 78.2 (C-5), 76.2 (C-2’), 75.9 (C-3), 75.0 (C-4’), 74.3 (CH2
OBn), 74.2 (C-4), 70.9 (C-3’), 64.3 (C-5’), 61.5 (C-6), 27.7, 26.4 (2x CH3 isopropylidene), 25.9 (CH3
tBu OTBS), 18.3 (Cq tBu TBDMS) 16.9 (C-6’), -5.13, -5.36 (2x CH3 TBDMS).
1,5-Anhydro-4-O-benzyl-3-(4-O-benzoyl-2,3-O-isopropylidene--L-
rhamnosyl)-2-deoxy-D-arabino-hex-1-enitol (18): To a solution of 17 (979
mg, 1.53 mmol) in THF (7 mL) was added TBAF (1.7 mL, 1 M in THF).
After 16h, the mixture was concentrated and applied to a silica gel column
affording 18 (644 mg; 1.224 mmol; 80%) as a colorless oil. []25D -68.6 (c =
1.0, CHCl3). IR (thin film): 3450.0, 2918.1, 1720.4, 1639.4, 1456.2 1174.6
1110.9 1068.5 cm-1. 1H-NMR:  (ppm) 8.0-7.2 (5H, H arom.), 6.43 (dd, 1H, J = 6.1, 1.2 Hz, H-1), 5.29
(s, 1H, H-1), 5.13 (dd, 1H, J = 7.8, 10.2 Hz, H-4), 4.62 (dd, 1H, J = 6.1, 2.4 Hz, H-2), 4.93 (d, 1H, J =
11.2 Hz, CH Ph) 4.78 (d, 1H, J = 11.2 Hz, CH Ph), 4.52 (dd, 1H, J = 5.5, 1.2 Hz, H-3), 4.31 (dd, 1H, J
= 7.8, 5.4 Hz, H-3’), 4.18 (d, 1H, J = 5.4 Hz, H-2’), 4.0 (m, 2H, H-5, H-5’), 3.91 (d, 2H, J = 3.6 Hz, 2x
H-6), 3.38 (dd, 1H, J = 6.8, 8.8 Hz, H-4), 2.25 (bs, 1H, OH), 1.63, 1.37 (2x s, 6H, CH3,
isopropylidene), 1.11 (d, 3H, J = 6.4 Hz, H-6’). 13C-NMR:  (ppm) 165.6 (C=O) 144.9 (C-1), 137.7
(Cq), 133.1, 129.7, 128.41, 128,3, 127.8, 127.7 (6x C-H arom.), 109.9 (Cq, isopropylidene), 98.2 (C-2),
93.1 (C-4’), 77.8 (C-5), 76.1 (C-2’), 75.8 (C-3’), 74.8 (C-4’), 74.4 (CH2 OBn), 74.3 (C-4), 70.9 (C-3),














deoxy-D-arabino-hex-1-enitol (20): A solution of galactose 19 (118 mg,
0.197 mmol), DPS (80 mg, 0.4 mmol, 2eq), TTBP (150 mg; 0.6 mmol; 3
eq) in DCM (5 mL) containing 4Å Ms was cooled to -60°C and Tf2O (48
µl, 1.4 eq) was added. The resulting mixture was allowed to warm to -40
°C. After 2h of stirring a solution of glucal acceptor 18 (69 mg; 0.1
mmol; 0.5 eq) in DCM (2.5 ml) was introduced to the activated rhamnose. The resulting mixture was
allowed to warm up to rT and was monitored by TLC analysis (ethyl acetate/light petroleum 1:4 v/v).
The crude mixture was quenched with Et3N and filtered. The filtrate was subsequently washed with
saturated sodium bicarbonate solution and saturated sodium chloride solution, dried (MgSO4), filtered,
concentrated and subjected to silicagel column chromatography (light petroleum→ethyl acetate/light
petroleum 1:3 v/v) to give desired compound (139 mg; 0.126 mmol 64%) as a white foam. []25D +32.8
(c = 0.01, CHCl3). IR (thin film): 3050, 1733.9, 1716.5, 1265.2, 1093.6, 1028.0 cm-1. 1H-NMR: 
(ppm) 8.2-7.1 (m, 30H, H arom.), 6.31 (d, 1H, J = 6.4 Hz, H-1), 6.02 (d, 1H, J = 2.4 Hz, H-4’’), 5.90
(dd, 1H, J = 8.0, 10.3 Hz, H-2’’), 5.67 (dd, 1H, J = 10.3, 3.6 Hz, H-3’’), 5.23 (s, 1H, H-1’), 5.09 (dd,
1H, J = 7.9, 10.4 Hz, H-4’), 4.96 (d, 1H, J = 8.0 Hz, H-1’’), 4.83 (dd, 1H, J = 6.4, 2.4 Hz, H-2), 4.72
(dd, 1H, J = 6.2, 11.0 Hz, H-6’’), 4.53 (d, 2H, J = 11.2 Hz, CH2 OBn), 4.44 (dd, 1H, J = 6.8, 11.2 Hz,
H-6’’), 4.30 (dd, 1H, J = 2.0, 11.2 Hz, H-6), 4.19 (dd, 1H, J = 7.9, 5.4 Hz, H-3’), 4.10 (m, 1H, H-5),
3.98 (dd, 1H, J = 5.2, 11.2 Hz, H-6); 3.82 (m, 1H, H-5’), 3.72 (dd, 1H, J = 6.4, 8.8 Hz, H-4), 1.63, 1.38
(2x s, 6H, CH3 isopropylidene). 1.03 (d, 3H, J = 6.0 Hz, H-6’). 13C-NMR:  (ppm) 165.9, 165.5, 165.5,
165.1 (4xC=O), 144.9 (C-1), 137.6 (Cq), 133.5, 133.2, 133.1, 133.1, 129.9, 129.7, 128.6, 128.4, 128.3,
128.3, 128.2, 128.2, 128.1, 127.7, 127.3 (15x C-H arom.), 129.3, 128.9, 128.6 (3x Cq), 109.9 (Cq
isopropylidene), 101.8 (C-1’’), 97.6 (C-2), 92.9 (C-1’), 77.2, 76.4 (C-5’), 76.1 (C-2’), 75.8 (C-3’), 74.8
(C-4’), 74.2 (C-4), 73.9 (CH2 OBn), 71.5 (C-3’’), 71.4 (C-1), 70.4 (C-2’’), 69.7 (C-1), 68.0 (C-4’’),
67.9 (C-6), 64.3 (C-4), 61.9 (C-6’’), 27.7, 26.4 (2x CH3 isopropylidene), 16.79 (C-6’).
2-[3,4-Di-(tert-butyldimethylsilyloxy)phenyl]ethyl 6-O-(tetra-O-benzoyl--D-galactopyranosyl)-3-
O-(4-O-benzoyl-2,3-O-isopropylidene--L-rhamno-pyranosyl)-4-O-benzyl--D-glucopyranoside
(21): To a solution of 20 (30 mg; 0.05 mmol) in DCM (0.5 ml) at 0 °C was added DMD (2 ml; 0.8 M
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material after 5 min. The mixture was concentrated and dissolved in THF (0.5 ml). 10 (100 mg, in 0.5
ml THF) was added and the mixture was cooled to 0 °C. ZnCl2 was added dropwise and stirred for 10
min. The mixture was subsequentely diluted with ethyl acetate and washed with saturated sodium
bicarbonate solution and saturated sodium chloride solution, dried (MgSO4), filtered, concentrated and
subjected to silicagel column (light petroleum→ethyl acetate/light petroleum 1:3 v/v) to give desired
compound (16 mg; 10.6 µmol; 40%) as a colorless oil. []25D +6.4 (c = 0.16, CHCl3). IR: 2950, 2880,
1772.5, 1747.1, 1733.9, 1718.5, 1683.7, 1652.9, 1635.5, 1555.3, 1506.3 cm-1. 1H-NMR:  (ppm) 8.15-
7.15 (m, 30 H, H arom.), 6.75-6.60 (m, 3 H, H arom.) 6.00 (d, 1H, J = 2.4 Hz, H-4’’), 5.87 (dd, 1H, J =
8.0, 10.4 Hz, H-2’’), 5.70 (s, 1H, H-1’), 5.62 (dd, 1H, J = 10.4, 3.2 Hz, H-3’’), 5.03 (dd, 1H, J = 10.0,
8.0 Hz, H-4’), 4.89 (s, 1H, H-1’’), 4.68 (dd, 1H, J = 6.0, 11.2 Hz, H-6’’), 4.51 (d, 2H, J = 11,2CH2
OBn), 4.40 (dd, 1H, J = 6.8, 11.2 Hz, H-6’’), 4.30 (m, 2H, H-5’’, H-6), 4.21 (d, 1H, J = 5.2 Hz, H-2’),
4.15 (m, 1H, H-3’), 4.11 (d, 1H, J = 8.0 Hz, H-1), 4.00 (dt, 1H, J = 6.0, 6.2, 9.5 Hz, CH2-CHH-O), 3.84
(m, 2H, H-5’, H-3), 3.79 (dd, 1H, J = 5.6, 11.2 Hz, H-6), 3.51 (m, 1H, H-5), 3.67 (m, 2H, CH2-CHH-O,
H-2), 3.36 (dd, 1H, J = 6.4, 9.4 Hz, H-4), 2.70 (t, 2H, J = 6.8 Hz, CH2-CH2-O); 1.38. 1.26 (2x s, 6H,
CH3 isopropylidene), 1.00, 0.99 (2x s, 18 H,  tBu TBDMS); 0.91 (d, 3H, J = 6.0 Hz, H-6’), 0.20, 0.19,
0.18, 0.17 (4x s, 12 H, Me TBDMS). 13C-NMR:  (ppm) 165.6, 165.5 (2x C=O), 145.4 (Cq), 137.6
(Cq), 133.6, 133.3, 133.2, 133.4, 130.1, 129.8, 129.4, 129.0, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1,
127.7, 127.1 (16x C-H arom., Cq), 121.8, 121.6, 121.0 (3x C-H arom.), 109.8 (Cq isopropylidene),
102.7 (C-1), 101.7 (C-1’’), 96.4 (C-1’), 77.5, 76.2 (C-4), 76.1 (C-2’), 75.8 (C-3’), 75.4 (C-2), 74.9
(CH2 OBn), 74.9 (C-4’), 74.7 (C-5), 71.6 (C-3’’), 71.3 (C-5’), 71.0 (CH2-CH2-O), 69.8 (C-2’’), 68.2
(C-4’’), 64.2 (C-3), 61.9 (C-6), 35.3 (CH2-CH2-O), 29.7 (Cq TBDMS), 27.7, 26.5 (2x CH3
isopropylidene), 26.0, 25.9 (2x CH3 tBu TBDMS), 18.4, 16.7 (C-6’), -4.1 (CH3 TBDMS).
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Summary and Future Prospects
The assembly of oligosaccharide constructs continues to receive considerable
attention in the field of synthetic organic chemistry. Undoubtedly, this interest stems
from the many challenges these structurally diverse compounds pose to synthetic
organic chemists as well as the call for pure and sufficient amounts of carbohydrate
containing natural substrates and analogs thereof as tools to elucidate biological
processes.
Generally, the organic synthesis of an oligosaccharide starts with the
derivatisation of the composing monosaccharides to either a donor or acceptor
glycoside. In the next stage, a specific donor molecule is condensed with a specific
acceptor molecule to afford the required disaccharide in a regio- and stereoselective
manner. This process can be continued in linear or convergent glycosylation strategies
furnishing the projected oligosaccharide. The efficiency of glycosylation reactions in
terms of yield, regio- and stereoselectivity relies both on the condensation procedure
and the protecting groups in the donor and acceptor molecules. Interestingly, both
issues are correlated, as protecting groups not only determine the regioselectivity but
may also direct the stereochemistry of the condensation reaction. Moreover,
protecting groups have a major impact on the reactivity of donor and acceptor
molecules not only for steric but also for electronic reasons. In Chapter 1, methods
for the stereoselective construction of glycosidic linkages are reviewed with a focus
on the influence of protecting groups on the stereochemical outcome of glycosylation
reactions. Especially, attention is directed to the application of diol protecting groups
such as cyclic carbonates and acetals.
Summary and Future Prospects
112
Chapter 2 describes a novel method towards the stereoselective synthesis of
the notoriously difficult -mannosamine linkage. In this approach, the amine
functionality of a 2-amino-2-deoxy-D-mannopyranoside is masked as a non-
participating azide and a 4,6-O-benzylidene function is installed which exerts a
torsional, -product favoring effect in the coupling reaction. Application of the
recently developed low temperature (-60ºC) S-(4-methoxyphenyl)
benzenethiosulfinate (MPBT)/trifluoromethanesulfonic
anhydride (Tf2O) two step preactivation-coupling protocol
for the synthesis of -mannosides on phenyl and ethyl
thiomannosazide 1a/b (Figure 1) did not lead to productive
glycosylations due to the inertness of 1a/b towards the
coupling reagent. Effective condensations with a set of
acceptors employing this activator were accomplished by two
modifiations. First, the disarming effect of the C-2 azide was
compensated by the introduction of a p-methoxyphenylthio function as the anomeric
leaving group, thereby enhancing the nucleophilicity of the anomeric sulfur atom (2).
Second, the temperature in the activation step was elevated (-60ºC → -35ºC).
The advent of the more powerful 1-benzenesulfinyl piperidine (BSP)/Tf2O
coupling protocol for thioglycosides was an incentive to explore its capabilities in the
glycosidation of disarmed mannoside 1a. In Chapter 3 it is described that also this
reagent failed to activate the less reactive donor 1a but could be employed without
modifications with the more reactive donor 2. The failure of the BSP/Tf2O
combination to activate 1a was ascribed to a stabilizing effect of the nitrogen lone pair
adjacent to the electrophilic site in the sulfonium triflate species generated from
treatment of BSP with Tf2O. It was established that the combination of
diphenylsulfoxide (DPS) and Tf2O generates a more electrophilic species, lacking
nitrogen lone pair stabilisation. Indeed, treatment of 1a with DPS/Tf2O followed by
the addition of a number of different acceptor molecules afforded dimers in high
yields. The degree of -selectivity seemed to be strongly dependent on the steric
accessibility of the acceptor hydroxyl function. The finding that the reactivity of
thiophenyl glycosides can be tuned by the introduction of electron donating
substituents in the phenyl ring deserves further exploration and may lead to
chemoselective glycosylation procedures.
Chapter 4 describes the first synthesis of the trisaccharide repeating unit of








1a: R = Ph
  b: R = Et
2:   R = p-OMePh
Figure 1
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Scheme 1
The structure of the capsular polysaccharide consists of reiterating [→3)--D-
GlcpNHAc-(1→4)--D-ManpNHAcA-(1→3)--L-GalpNHAcA-(1→] units in which
the 4-OH of the L-galactosaminuronic acid is acetylated. On the basis of the studies
described in chapters 2 and 3, the synthesis of the trimer commenced with the -
selective condensation of mannosazide 2 and L-galactosazide 3, which was available
from L-galactono-1,4-lactone in twelve steps. Subsequent selective liberation of the 4-
OH on the reducing end of the dimer followed by glycosylation with N-phthaloyl
glucosamine 4 gave trisaccharide 5. Subjection of 5 to a suitable deprotection-
oxidation-deprotection sequence afforded the acidic trisaccharide 7. This approach
may be extended towards the synthesis of longer fragments of the polysaccharide by
trimer block-couplings. To enable this, the (protecting) functionalities on the
anomeric center of the galactose moiety and the 3-OH function of the glucose moiety

















































5: R1 = Bn, R2 = Me

































Summary and Future Prospects
114
Deprotection of the allyl group in 6 should afford a suitable glycosyl donor (e.g.
trichloroacetimidate or 1-hydroxyl) while selective deprotection of the PMB-group in
6 would generate an acceptor having the free 3-OH. Ensuing condensation of the
resulting donor and acceptor trimers should afford hexamer 8 (Figure 2). A similar
deprotection-oxidation-deprotection sequence as employed on 5 should give access to
the corresponding acidic hexamer. The whole process can in principle be repeated to
give even larger structures.
The -Gal epitope [-D-Galp-(1→3)--D-Galp-(1→4)-GlcpNHAc] displays a
very strong immunological response in the xenotransplantation of tissues or organs
from pigs to monkeys (or humans). To investigate whether this immunological
response can be exploited in vaccinology or immune therapy, a neoglycoconjugate
consisting of the -Gal epitope connected to a membrane binding entity was
synthesized. In Chapter 5, the one-pot construction of the trisaccharide moiety,
functionalized with an aminopropyl spacer is described. Global deprotection of the
trisaccharide followed by coupling of the spacer-amine with a di-amino scaffold and
palmitoylation of the di-amine afforded the desired glycoconjugate. Construction of
an -Gal epitope with alternative membrane binding capabilities could be achieved by
replacing the aglycon in the latter conjugate by a ceramide (9, Figure 3).
Figure 3
First, a suitably protected trisaccharide moiety should be constructed in which the
anomeric center of the glucosamine residue can be transformed into a glycosyl donor.
Ensuing coupling with the sphingosine moiety, followed by global deprotection of the
construct and palmitoylation of the sphingosine-amine should afford 9.
Chapter 6 describes an approach towards a generic synthesis of
phenylethanoid glycoside (PhG) backbones containing the phenylethanoid 3-O-(-L-
rhamnosyl)-glucoside core structure. The synthetic strategy is based on the sequential
introduction of monosaccharides on a suitably protected glucal, which is then
oxidatively coupled to the phenylethanol moiety. The stereochemistry of the latter
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Scheme 2
If the 6-OH is glycosylated with a -linked tetra-O-benzoyl galactoside as in 10
(Scheme 2) or carries a TBS group the oxidative coupling only afforded the desired -
glucoside. In contrast, an -linked rhamnoside afforded a mixture of epoxides and
coupling yields were rather low. Insight on the influence of the 6-OH substituent on
the stereoselectivity of the epoxidation may be achieved by employing different
protecting groups in the rhamnosyl donor as well as the introduction of other
monosaccharides (for example glucose or apiose). Once the stereoselectivity issue in
the epoxidation is solved, transformation of the epoxide into for instance
thioglucoside 11 and coupling with the phenylethanol moiety may result in increased
yields. A suitable acylation-deprotection sequence should provide access to a wide






























































Het bereiden van oligosacchariden en oligosaccharideconjugaten is een
belangrijk aandachtsgebied binnen de synthetische organische chemie. Deze interesse
vindt zijn oorsprong in de vele uitdagingen die deze structureel diverse verbindingen
bieden aan synthetisch organisch chemici alsmede de vraag naar zuivere en werkbare
hoeveelheden natuurlijk voorkomende saccharideconstructen en analoga daarvan ter
bestudering van biologische processen.
In het algemeen begint de synthese van een oligosaccharide met het
derivatiseren van de samenstellende, veelal gemakkelijk te verkrijgen
monosacchariden tot donor dan wel acceptor glycosiden. Vervolgens wordt een
specifieke donor gecondenseerd met een specifieke acceptor, om op regio- en
stereoselectieve wijze het gewenste disaccharide te verkrijgen. Dit proces kan worden
voortgezet in lineaire of convergente glycosyleringsstrategieën die uiteindelijk het
gewenste oligosaccharide kunnen opleveren. De hoogte van de opbrengst en de mate
van stereoselectiviteit van glycosyleringsreacties hangen zowel af van de
condensatieprocedure als van de beschermgroepen die aanwezig zijn op de donor- en
acceptormoleculen. Tevens zijn deze aspecten gecorreleerd, omdat beschermgroepen
niet alleen de regioselectiviteit bepalen maar ook de stereochemie van een
koppelingsreactie beїnvloeden. Verder hebben beschermgroepen een belangrijke
invloed op de reactiviteit van donor- en acceptormoleculen, niet alleen om sterische
maar ook om elektronische redenen. In Hoofdstuk 1 wordt een aantal methoden voor
de vorming van glycosidische bindingen besproken met als leidraad de invloed van
beschermende groepen op de stereochemische uitkomst van deze
glycosyleringsreacties. Er wordt in het bijzonder aandacht besteed aan het gebruik van
diol-beschermgroepen zoals cyclische carbonaten en acetalen.
Hoofdstuk 2 beschrijft een nieuwe strategie voor de stereoselectieve synthese
van de notoir moeilijke -mannosaminebinding. Een voor thioglycosiden bekend
tweestaps preactivatie-koppelingsprotocol met S-(4-methoxyphenyl)
benzenethiosulfinaat (MPBT)/ trifluoromethaansulfonzuur anhydride (Tf2O) als
activator werd voor het eerst toegepast op phenyl of ethyl 2-azido-2-deoxy-1-thio-
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mannopyranosiden. Het bleek dat de bereide phenyl en ethyl thiomannosaziden geen
reactie vertoonden met het uit MPBT/Tf2O  gegenereerde sulfonium
trifluoromethaansulfonaat omdat het C-2 azide de nucleofiliciteit van het anomere
zwavelatoom sterk reduceerde. Door de S-phenyl groep te vervangen door een p-
methoxyphenylthioresidu konden bij een verhoogde activatietemperatuur effectieve
koppelingen met een aantal acceptoren verkregen worden. De -selectiviteit van deze
mannosazidereacties, die grotendeels bepaald wordt door de 4,6-O-benzylideen-
beschermgroep, was iets minder hoog dan voor de overeenkomstige mannose-
donoren.
De ontwikkeling van een actiever sulfonium trifluormethaansulfonaat,
gegenereerd uit de reagentia 1-benzenesulfinyl piperidine en Tf2O, was aanleiding
voor een evaluatie van deze activator in combinatie met de 2-azido-2-deoxy-1-
thiomannopyranosiden beschreven in hoofdstuk 2. In Hoofdstuk 3 wordt beschreven
dat het phenyl 2-azido-2-deoxy-1-thiomannopyranoside onreactief bleek te zijn,
terwijl het reactievere p-methoxyphenyl 2-azido-2-deoxy-1-thiomannopyranoside met
behulp van deze activator zonder enige modificaties gekoppeld kon worden met
verscheidene acceptoren. Het phenyl 2-azido-2-deoxy-1-thiomannopyranoside kon
wel geactiveerd worden met het sulfonium trifluoromethaansulfonaat dat onstaat door
diphenylsulfoxide (DPS) te behandelen met Tf2O. Deze activator is nog reactiever
omdat geen stabilisatie van het electrofiele zwavelatoom door het naburige
stikstofatoom kan optreden. De sterische toegankelijkheid van de acceptor bleek
bepalend voor de -selectiviteit van de koppeling.
In Hoofdstuk 4 wordt de eerste synthese van de repeterende eenheid van het
capsulair polysaccharide van het bacteriolytisch complex lysoamidase beschreven.
Het polysaccharide bestaat uit itererende [→3)--D-GlcpNHAc-(1→4)--D-
ManpNHAcA-(1→3)--L-GalpNHAcA-(1→] trisacchariden waarin de 4-OH groepen
van de galactoseresiduen geacetyleerd zijn. Na de bereiding van de geschikt
beschermde individuele monosacchariden, werd eerst de -mannosaminebinding
geїntroduceerd. Met behulp van de bevindingen die beschreven zijn in de hoofstukken
2 en 3 werd de p-methoxyphenyl 2-azido-2-deoxy-1-thiomannopyranosidedonor
gecondenseerd met een passend beschermd L-galactopyranoside, dat verkregen werd
uit L-galactono-1,4-lacton in twaalf stappen. Na deze stereoselectieve condensatie
werd de 4-OH aan het niet-reducerend einde van het disaccharide vrijgemaakt om een
glucosaminederivaat -selectief te koppelen. Een passende ontschermings- en
oxidatiestrategie om de zuurgroepen in te voeren leverde het gewenste trisaccharide.
Het -Gal-trisaccharide, -D-Galp-(1→3)--D-Galp-(1→4)-GlcpNHAc,
veroorzaakt hyperacute afstotingsverschijnselen na xenotransplantatie van organen
van varkens naar apen (en mensen). Om te onderzoeken of deze immunologische
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respons op positieve wijze kan worden toegepast in vaccinologie of immunotherapie,
werd een neoglycoconjugaat gesynthetiseerd waarbij het -Gal-trisaccharide via een
spacer verbonden werd met een membraananker bestaande uit twee palmitoaten
(Hoofdstuk 5). Het trisaccharide, gefunctionaliseerd met een azidopropylspacer, werd
door middel van een één-potssynthese bereid. Vervolgens werd het amine in het
glucosederivaat omgezet in de N-acetyl verbinding en werd het trisaccharide volledig
ontschermd. Het vrijgekomen spacer-amine werd vervolgens gekoppeld met bis-
Fmoc-diaminopropaanzuur. Onscherming van dit diamine gevolgd door reactie met
palmitoylsuccinaat gaf het gewenste neoglycoconjugaat.
Binnen de klasse der phenylethanoide glycosiden komt de familie die
gekenmerkt wordt door een centrale glucosekern die geglycosideerd is met een
phenylethanol derivaat het meeste voor. Verder is de 3-OH van glucose
gesubstitueerd met een -L-rhamnopyranoside en is de 4-OH geacyleerd met een
aromatisch zuur. Op de 6-OH of de 2-OH worden daarentegen allerhande
monosacchariden gevonden. In Hoofdstuk 6 wordt een generieke synthese van
phenylethanoide oligosacchariden beschreven. De synthese begon met het invoeren
van een beschermd rhamnoseresidu op de 3-OH van een passend beschermd D-glucal.
Vervolgens werd de dubbele binding van het glucal geepoxideerd en werd er met
behulp van ZnCl2 een 2-dihydroxyphenyl-ethan-1-ol derivaat op gekoppeld, hetgeen
een precursor van verbascoside opleverde. Anderzijds werd de 6-OH van het
verkregen glucal ontschermd om er monosacchariden op te koppelen. Als eerste
voorbeeld werd een -rhamnose ingevoerd. Epoxidatie van het trimere glucal en
koppeling met het phenylethanolderivaat leverde naast de gewenste -glucose binding
ook het -mannose product op. Ook werd de 6-OH van het dimere glucal -selectief
geglycosyleerd met een galactopyranosederivaat. Epoxidatie en koppeling met de
phenylethanolverbinding gaf het gewenste tetrameer.
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